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IMPORTANT NOTICE 



Texas Instruments (Tl) reserves the right to make changes to its products or to discontinue any semiconductor 
product or service without notice, and advises its customers to obtain the latest version of relevant information 
to verify, before placing orders, that the information being relied on is current. 

Tl warrants performance of its semiconductor products and related software to the specifications applicable at 
the time of sale in accordance with Tl's standard warranty. Testing and other quality control techniques are 
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INTRODUCTION 



Today's designs are based on increasingly complex integrated circuits, fine-pitch packaging, 
and very dense board layouts. These factors limit test access and greatly complicate 
traditional methods of functional and in-circuit testing. The IEEE 1149.1 (JTAG) 
boundary-scan test standard was created to address this issue. Texas Instruments (Tl) has 
taken a leading role in the industry in supplying silicon products that integrate IEEE 1149.1 
boundary-scan test features. 

Tl presents the 1997 Boundary-Scan Logic IEEE Std 1149.1 (JTAG) Data Book. Included in 
this issue is the broadest range of silicon solutions for system-level test in the industry. 

• Popular BiCMOS (BCT) and advanced BiCMOS (ABT) octal buffers/transceivers 

• A full family of ABT/ABTH Widebus™ (1 8- and 20-bit) transceivers and universal 
bus transceivers (UBT™) 

• The industry's first 3.3-V boundary-scan logic products, LVTH Widebus (18- and 
20-bit) transceivers and UBTs 

• A family of scan-support functions for controlling the test bus, adapting the test bus 
to backplane/multidrop configuration, and managing multiple scan paths 

Features of the boundary-scan logic family include: 

• Compatibility with IEEE Std 1 1 49.1-1 990 (JTAG) boundary-scan architecture 

• Under 6-ns maximum propagation delays 

• Bus-hold and series-resistor options 

• EIAJ TSSOP, JEDEC SSOP, and EIAJ TQFP fine-pitch surface-mount packaging 

• 1 8-bit and 20-bit UBT architectures 

Most of the products in this data book are available in production quantities. Please contact 
your Tl representative or local authorized distributor for details on any of these devices. 
Information on products not yet available in production quantities is presented in this data 
book as Product Preview. Contact the Tl Semiconductor Product Information Center at 
(972) 644-5580 to learn more about plans for these devices. 

The data book also contains other useful sections, including mechanical data and 
technical information. 



EPIC-HB, SCOPE, UBT, and Widebus are trademarks of Texas Instruments Incorporated. 
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PRODUCT STAGE STATEMENTS 



Product stage statements are used on Texas Instruments data sheets to indicate the 
development stage(s) of the product(s) specified in the data sheets. 

If all products specified in a data sheet are at the same development stage, the appropriate 
statement from the following list is placed in the lower left corner of the first page of the data 
sheet. 

PRODUCTION DATA information is current as of publication date. Products 
conform to specifications per the terms of Texas Instruments standard warranty. 
Production processing does not necessarily include testing of all parameters. 

ADVANCE INFORMATION concerns new products in the sampling or 
preproduction phase of development. Characteristic data and other 
specifications are subject to change without notice. 

PRODUCT PREVIEW information concerns products in the formative or design 
phase of development. Characteristic data and other specifications are design 
goals. Texas Instruments reserves the right to change or discontinue these 
products without notice. 

If not all products specified in a data sheet are at the PRODUCTION DATA stage, then the 
first statement below is placed in the lower left corner of the first page of the data sheet. 
Subsequent pages of the data sheet containing PRODUCT PREVIEW information or 
ADVANCE INFORMATION are then marked in the lower left-hand corner with the appropriate 
statement given below: 

UNLESS OTHERWISE NOTED this document contains PRODUCTION DATA 
information current as of publication date. Products conform to specifications per 
the terms of Texas Instruments standard warranty. Production processing does 
not necessarily include testing of all parameters. 

ADVANCE INFORMATION concerns new products in the sampling or 
preproduction phase of development. Characteristic data and other 
specifications are subject to change without notice. 

PRODUCT PREVIEW information concerns products in the formative or design 
phase of development. Characteristic data and other specifications are design 
goals. Texas Instruments reserves the right to change or discontinue these 
products without notice. 
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GLOSSARY 

SYMBOLS, TERMS, AND DEFINITIONS 



INTRODUCTION 

These symbols, terms, and definitions are in accordance with those currently agreed upon by the JEDEC Council 
of the Electronic Industries Association (EIA) for use in the USA and by the International Electrotechnical Commission 
(I EC) for international use. 

operating conditions and characteristics (in sequence by letter symbols) 

Cj Input capacitance 

The internal capacitance at an input of the device 

C| 0 Input/output capacitance 

Input-to-output internal capacitance; transcapacitance 
C 0 Output capacitance 

The internal capacitance at an output of the device 
C pc j Power dissipation capacitance 

Used to determine the no-load dynamic power dissipation per logic function (see individual circuit pages): 

PD = C pd V C c 2 f + lcc V C c 
fmax Maximum clock frequency 

The highest rate at which the clock input of a bistable circuit can be driven through its required sequence 

while maintaining stable transitions of logic level at the output with input conditions established that 

should cause changes of output logic level in accordance with the specification 

Iqc Supply current 

The current into* the Vcc supply terminal of an integrated circuit 

Alec Supply current change 

The increase in supply current for each input that is at one of the specified TTL voltage levels rather than 
0 V or V cc 

•cex Output high leakage current 

The maximum leakage current into the collector of the pulldown output transistor when the output is high 
and the output forcing condition Vq = 5.5 V 

'[(hold) |n P ut hold current 

Input current that holds the input at the previous state when the driving device goes to a 
high-impedance state 

I|H High-level input current 

The current into* an input when a high-level voltage is applied to that input 
III. Low-level input current 

The current into* an input when a low-level voltage is applied to that input 

l 0 ff Input/output power-off leakage current 

The maximum leakage current into/out of the input/output transistors when forcing the input/output to 
4.5 V and V cc = 0 V 

'OH High-level output current 

The current into* an output with input conditions applied that, according to the product specification, 
establishes a high level at the output 

'Current out of a terminal is given as a negative value. 

^ Texas 
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GLOSSARY 

SYMBOLS, TERMS, AND DEFINITIONS 



Iql Low-level output current 

The current into* an output with input conditions applied that, according to the product specification, 
establishes a low level at the output 

'OZPU/PD Off-state (hlgh-impedance-state) output current (of a 3-state output) 

The current flowing into* an output having 3-state capability with input conditions established that, 
according to the product specification, establishes the high-impedance state at the output 

t a Access time 

The time interval between the application of a specified input pulse and the availability of valid signals 
at an output 

t c Clock cycle time 

Clock cycle time is 1 /f ma x- 

tdi S Disable time (of a 3-state or open-collector output) 

The propagation time between the specified reference points on the input and output voltage waveforms 
with the output changing from either of the defined active levels (high or low) to a high-impedance 
(off) state 

NOTE: For 3-state outputs, tdj S = tpnz or tp[_z. Open-collector outputs change only if they are low at the 
time of disabling, so tdj s = tpy-i- 

t en Enable time (of a 3-state or open-collector output) 

The propagation time between the specified reference points on the input and output voltage waveforms 
with the output changing from a high-impedance (off) state to either of the defined active levels (high 
or low) 

NOTE: In the case of memories, this is the access time from an enable input (e.g., OE). For 3-state 
outputs, t en = tpzH or tpzL- Open-collector outputs change only if they are responding to data 
that would cause the output to go low, so t en = tpni_- 

t h Hold time 

The time interval during which a signal is retained at a specified input terminal after an active transition 
occurs at another specified input terminal 

NOTES: 1 . The hold time is the actual time interval between two signal events and is determined by the 
system in which the digital circuit operates. A minimum value is specified that is the shortest 
interval for which correct operation of the digital circuit is to be expected. 

2. The hold time may have a negative value in which case the minimum limit defines the longest 
interval (between the release of the signal and the active transition) for which correct operation 
of the digital circuit is to be expected. 

tpd Propagation delay time 

The time between the specified reference points on the input and output voltage waveforms with the 
output changing from one defined level (high or low) to the other defined level (t p d = tpm_ or tpLH) 

tpHL Propagation delay time, high-to-low level output 

The time between the specified reference points on the input and output voltage waveforms with the 
output changing from the defined high level to the defined low level 

tpnz Disable time (of a 3-state output) from high level 

The time interval between the specified reference points on the input and the output voltage waveforms 
with the 3-state output changing from the defined high level to the high-impedance (off) state 



•Current out of a terminal is given as a negative value. 
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GLOSSARY 

SYMBOLS, TERMS, AND DEFINITIONS 



tpLH Propagation delay time, low-to-high level output 

The time between the specified reference points on the input and output voltage waveforms with the 
output changing from the defined low level to the defined high level 

tpLz Disable time (of a 3-state output) from low level 

The time interval between the specified reference points on the input and the output voltage waveforms 
with the 3-state output changing from the defined low level to the high-impedance (off) state 

tpzH Enable time (of a 3-state output) to high level 

The time interval between the specified reference points on the input and output voltage waveforms with 
the 3-state output changing from the high-impedance (off) state to the defined high level 

tpzL Enable time (of a 3-state output) to low level 

The time interval between the specified reference points on the input and output voltage waveforms with 
the 3-state output changing from the high-impedance (off) state to the defined low level 

*sk(o) Output Skew 

The difference between any two propagation delay times when a single switching input or multiple inputs 
switching simultaneously cause multiple outputs to switch, as observed across all switching output. This 
parameter is used to describe the fanout capability of a clock driver and is of concern when making 
decisions on clock buffering and distribution networks. 

t su Setup time 

The time interval between the application of a signal at a specified input terminal and a subsequent active 
transition at another specified input terminal 

NOTES: 1 . The setup time is the actual time interval between two signal events and is determined by 
the system in which the digital circuit operates. A minimum value is specified that is the shortest 
interval for which correct operation of the digital circuit is guaranteed. 

2. The setup time may have a negative value, in which case the minimum limit defines the 
longest interval (between the active transition and the application of the other signal) for which 
correct operation of the digital circuit is guaranteed. 

t w Pulse duration (width) 

The time interval between specified reference points on the leading and trailing edges of the 
pulse waveform 

V|n High-level input voltage 

An input voltage within the more positive (less negative) of the two ranges of values used to represent 
the binary variables 

NOTE: A minimum is specified that is the least-positive value of high-level input voltage for which 
operation of the logic element within specification limits is to be expected. 

V||_ Low-level input voltage 

An input voltage within the less positive (more negative) of the two ranges of values used to represent 
the binary variables 

NOTE: A maximum is specified that is the most-positive value of low-level input voltage for which 
operation of the logic element within specification limits is to be expected. 

Vqh High-level output voltage 

The voltage at an output terminal with input conditions applied that, according to product specification, 
establishes a high level at the output 
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GLOSSARY 

SYMBOLS, TERMS, AND DEFINITIONS 



Vql Low-level output voltage 

The voltage at an output terminal with input conditions applied that, according to product specification, 
establishes a low level at the output 

V|j + Positive-going input threshold level 

The voltage level at a transition-operated input that causes operation of the logic element according to 
specification as the input voltage rises from a level below the negative-going threshold voltage, V|j_ 

V|-|-_ Negative-going Input threshold level 

The voltage level at a transition-operated input that causes operation of the logic element according to 
specification as the input voltage falls from a level above the positive-going threshold voltage, V|j + 
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EXPLANATION OF FUNCTION TABLES 



The following symbols are used in function tables on Tl data sheets: 



H = high level (steady state) 

L = low level (steady state) 

T = transition from low to high level 

i = transition from high to low level 

— ► = value/level or resulting value/level is routed to indicated destination 

= value/level is re-entered 

X = irrelevant (any input, including transitions) 

Z = off (high-impedance) state of a 3-state output 

a . . . h = the level of steady-state inputs A through H, respectively 

Qq = level of Q before the indicated steady-state input conditions were established 

Qq = complement of Qq or level of Q before the indicated steady-state input 
conditions were established 

Q n = level of Q before the most recent active transition indicated by i or T 

_n_ = one high-level pulse 

-\_r = one low-level pulse 

Toggle = each output changes to the complement of its previous level on each active 
transition indicated by i or T 



If, in the input columns, a row contains only the symbols H, L, and/or X, this means the indicated output is valid 
whenever the input configuration is achieved and regardless of the sequence in which it is achieved. The output 
persists so long as the input configuration is maintained. 

If, in the input columns, a row contains H, L, and/or X together with T and/or 1, this means the output is valid whenever 
the input configuration is achieved but the transition^) must occur following the achievement of the steady-state 
levels. If the output is shown as a level (H, L, Qq, or Qq), it persists so long as the steady-state input levels and the 
levels that terminate indicated transitions are maintained. Unless otherwise indicated, input transitions in the opposite 
direction to those shown have no effect at the output. (If the output is shown as a pulse, -TL. or~u~, the pulse follows 
the indicated input transition and persists for an interval dependent on the circuit.) 
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EXPLANATION OF FUNCTION TABLES 



Among the most complex function tables are those of the shift registers. These embody most of the symbols used 
in any of the function tables, plus more. Below is the function table of a 4-bit bidirectional universal shift register. 



FUNCTION TABLE 



INPUTS 


OUTPUTS 


CLEAR 


MODE 


CLOCK 


SERIAL 


PARALLEL 


Qa 


Qb 


Q C 


Qd 


S1 


SO 


LEFT 


RIGHT 


A 


B 


c 


D 


L 


X 


X 


X 


X 


X 


X 


X 


X 


X 


L 


L 


L 


L 


H 


X 


X 


L 


X 


X 


X 


X 


X 


X 


Qao 


Qbo 


Qco 


Qdo 


H 


H 


H 


T 


X 


X 


a 


b 


c 


d 


a 


b 


c 


d 


H 


L 


H 


T 


X 


H 


H 


H 


H 


H 


H 


QAn 


QBn 


QCn 


H 


L 


H 


T 


X 


L 


L 


L 


L 


L 


L 


QAn 


QBn 


QCn 


H 


H 


L 


T 


H 


X 


X 


X 


X 


X 


QBn 


QCn 


QDn 


H 


H 


H 


L 


T 


L 


X 


X 


X 


X 


X 


QBn 


QCn 


QDn 


L 


H 


L 


L 


X 


X 


X 


X 


X 


X 


X 


Qao 


Qbo 


Qco 


Qdo 



The first line of the table represents a synchronous clearing of the register and says that if clear is low, all four outputs 
will be reset low regardless of the other inputs. In the following lines, clear is inactive (high) and so has no effect. 

The second line shows that so long as the clock input remains low (while clear is high), no other input has any effect 
and the outputs maintain the levels they assumed before the steady-state combination of clear high and clock low 
was established. Since on other lines of the table only the rising transition of the clock is shown to be active, the second 
line implicitly shows that no further change in the outputs occurs while the clock remains high or on the high-to-low 
transition of the clock. 

The third line of the table represents synchronous parallel loading of the register and says that if S1 and SO are both 
high then, without regard to the serial input, the data entered at A is at output Qa, data entered at B is at Qb, and so 
forth, following a low-to-high clock transition. 

The fourth and fifth lines represent the loading of high- and low-level data, respectively, from the shift-right serial input 
and the shifting of previously entered data one bit; data previously at Qa is now at Qg, the previous levels of Qb and 
Qc are now at Qc and Qq, respectively, and the data previously at Qd is no longer in the register. This entry of serial 
data and shift takes place on the low-to-high transition of the clock when S1 is low and SO is high and the levels at 
inputs A through D have no effect. 

The sixth and seventh lines represent the loading of high- and low-level data, respectively, from the shift-left serial 
input and the shifting of previously entered data one bit; data previously at Qb is now at Qa, the previous levels of 
Qc and Qq are now at Qb and Qq, respectively, and the data previously at Qa is no longer in the register. This entry 
of serial data and shift takes place on the low-to-high transition of the clock when S1 is high and SO is low and the 
levels at inputs A through D have no effect. 

The last line shows that as long as both inputs are low, no other input has any effect and, as in the second line, the 
outputs maintain the levels they assumed before the steady-state combination of clear high and both mode inputs 
low was established. 

The function table functional tests do not reflect all possible combinations or sequential modes. 
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D FLIP-FLOP AND LATCH SIGNAL CONVENTIONS 



It is normal Tl practice to name the outputs and other inputs of a D-type flip-flop or latch and to draw its logic symbol 
based on the assumption of true data (D) inputs. Outputs that produce data in phase with the data inputs are called 
Q and those producing complementary data are called Q^An input that causes a Q output to go high or a Q output 
to go low is called preset (PRE). An input th at cau ses a Q o utput to go high or a Q output to go low is called clear 
(CLR). Bars are used over these pin names (PRE and CLR) if they are active low. 

The devices on several data sheets are second-source designs, and the pin-name conventions used by the original 
manufacturers have been retained. That makes it necessary to designate the inputs and outputs of the inverting 
circuits D and Q. 

In some applications, it may be advantageous to redesignate the data input from D to D or vice versa. In that case, 
all the other inputs and outputs should be renamed as shown below. Also shown are corresponding changes in the 
graphical symbols. Arbitrary pin numbers are shown. 



PRE 

c 

D 

CLR 



PRE 
CLK 
D 

CLR 



1 




S 


5 






2 




C1 
1D 






3 




6 


4 




s 


rs 


R 


















Latch 






1 


K 


S 




5 


2 




> C1 
1D 






3 




6 


4 




s 




R 













CLR 
C 
D 

PRE 



CLR 
CLK 
D 

PRE 



1 


IV 


R 




5 


2 




C1 
1D 






3 


IS 






4 






6 


rs 


S 


















Latch 






1 


IS 


R 




5 








2 




> C1 
1D 






3 


K 




6 








4 




S 













Rip-Flop 



Flip-Flop 



The figures show that w he n Q an d Q exchange names, the preset and clear pins also exchange names. The polarity 
indicators (fc* ) on PRE and_CLR remain, as these inputs are still active low, but the presence or absence of the polarity 
indicator changes at D (or D), Q, and Q. Pin 5 (Q or Q) is still in phase with the data input (D or D); their active levels 
change together. 
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DEVICE NAMES AND PACKAGE DESIGNATORS 



Example: 




1 Standard Prefix 

Example: SNJ - Conforms to MIL-PRF-38535 (QML) 

2 Military (54) or Commercial (74) 

3 Family 

Example: Blank - Transistor-Transistor Logic 

ABT - Advanced BiCMOS Technology 
ABTE - Advanced BiCMOS Technology/ 

Enhanced Transceiver Logic 
AC/ACT - Advanced CMOS Logic 
AHC/AHCT - Advanced High-Speed CMOS Logic 
ALS - Advanced Low-Power Schottky Logic 
AS - Advanced Schottky Logic 
ALVC - Advanced Low-Voltage CMOS Technology 
BCT - BiCMOS Bus-Interface Technology 
CBT - Crossbar Technology 
CDC - Clock-Distribution Circuits 
F - F Logic 

FB - Backplane Transceiver Logic/Futurebus+ 
GTL - Gunning-Transceiver Logic 
HC/HCT- High-Speed CMOS Logic 
LS - Low-Power Schottky Logic 
LV - Low-Voltage HCMOS Technology 
LVC - Low-Voltage CMOS Technology 
LVT - Low-Voltage BiCMOS Technology 
S - Schottky Logic 

SSTL - Series-Stub Terminated Logic 

4 Special Features 

Example: Blank = No Special Features 

D - Level-Shifting Diode (CBTD) 
H - Bus Hold (ALVCH) 

R - Damping Resistor on Inputs/Outputs (LVCR) 
S - Schottky Clamping Diode (CBTS) 
U - Unbuffered Output (AHCU) 

5 Bit Width 

Example: Blank = Gates, MSI, and Octals 
1G - MicroGate (Single Gate) 
8 -Octal IEEE 1149.1 (JTAG) 
16 - Widebus™ (16, 18, and 20 Bit) 
18-Widebus™ IEEE 1149.1 (JTAG) 
32 - Widebus+™ (32 and 36 Bit) 



6 Options 

Example: Blank = No Options 

2 - Series-Damping Resistor on Outputs 
4 - Level Shifter 
25 - 25-fl Line Driver 

7 Function 

Example: 244 - Noninverting Octal Buffer/Driver 
374 - Octal D-Type Flip-Flop 
573 - D-Type Transparent Latch 
640 - Inverting Octal Transceiver 

8 Device Revision 

Example: Blank = No Revision 
Letter Designator A-Z 

9 Packages 

Example: D, DW - Small-Outline Integrated Circuit (SOIC) 
DB, DL - Shrink Small-Outline Package (SSOP) 
DBB, DGV - Thin Very Small-Outline Package (TVSOP) 
DBV - Small-Outline Transistor Package 
DGG, PW - Thin Shrink Small-Outline Package (TSSOP) 
FK - Leadless Ceramic Chip Carrier 
FN - Plastic Leaded Chip Carrier 
GB - Ceramic Pin Grid Array 
HFP, HS, HT, HV - Ceramic Quad Flat Package 
J, JT - Ceramic Dual-ln-Line Package 
N, NT - Plastic Dual-ln-Line Package (DIP) 
PH, PQ, RC - Plastic Quad Flat Package 
PAG, PAH, PCA, PCB, PM, PN, PZ - Plastic Thin Quad 

Flat Package 
W, WA, WD - Ceramic Flat Package 

10 Tape and Reel 

Example: LE - Left Embossed (Required for DB and PW Packages) 
R - Standard (Required for DGG, DBB, DGV, and DBV; 
Optional for D, DL, and DW Packages) 
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THERMAL INFORMATION 



In digital system design, consideration must be given to thermal management of components. The small size of the 
small-outline package makes this even more critical. Figure 1 shows the thermal resistance of these packages for 
various rates of air flow. 

The thermal resistances in Figure 1 can be used to approximate typical and maximum virtual junction temperatures. 
In general, the junction temperature for any device can be calculated using the following equation: 

Tj = R eJA x P T + T A 

where: 

Tj = virtual junction temperature 
R eJA = thermal resistance, junction to free air 
Pj = total power dissipation of the device 
Ta = free-air temperature 

JUNCTION-TO-AMBIENT THERMAL RESISTANCE 
vs 

| AIR VELOCITY 




0 100 200 300 400 500 600 



Air Velocity -ft/mln 
Figure 1 

Derating curves for 56-pin thin shrink small-outline package are shown in Figure 2, 56-pin thin shrink small-outline 
package are shown in Figure 3, 64-pin thin quad flat package are shown in Figure 4, and 24-pin thin shrink 
small-outline package are shown in Figure 5. 
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THERMAL INFORMATION 



DERATING CURVES 
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Figure 2 
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Figure 3 
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IEEE 1149.1 (JTAG) BOUNDARY-SCAN LOGIC 



IEEE 1149.1 (JTAG) Octal Bus Interface 



Uhbonlr I IUN 


NO. OF 
BITS 


m ITDI IT 


TYPE 


TECHNOLOGY 


ABT 


BCT 


LVT 


ACT 


OTHER 


Inverting Buffers/Drivers 


8 


3S 


'8240 




✓ 








Noninverting Buffers/Drivers 


8 


3S 


'8244 




✓ 








Transceivers 


8 


3S 


■8245 


✓ 


✓ 








Registered Transceivers 


8 


3S 


'8543 


✓ 










'8646 


✓ 










'8652 


✓ 










'8952 


✓ 










D-Type Transparent Latches 


8 


3S 


•8373 




✓ 








D-Type Rip-Flops 


8 


3S 


'8374 




✓ 









3S = 3-State 

✓ Product available in technology indicated + New product planned in technology indicated 



IEEE 1149.1 (JTAG) Widebus™ With Dual-Sided Terminals 



DESCRIPTION 


NO. OF 
BITS 


OUTPUT 


TYPE 


TECHNOLOGY 


ABT 


BCT 


LVT 


ACT 


OTHER 


Noninverting Transceivers 


18 


3S 


•18245 


✓ 




+ 




+ Bus Hold 


Inverting Transceivers 


18 


3S 


•18640 


✓ 




+ 




+ Bus Hold 


Noninverting Transceivers With Series Resistors on B Port 


18 


3S 


•182245 






+ 




+ Bus Hold 


Inverting Transceivers With Series Resistors on B Port 


18 


3S 


'182640 






+ 




+ Bus Hold 


Universal Bus Transceivers (UBT™) 


18 


3S 


'18512 






+ 




+ Bus Hold 


'18516 






+ 




+ Bus Hold 


20 


3S 


'18514 






+ 




+ Bus Hold 


Universal Bus Transceivers (UBT™) With Series Resistors on B Port 


18 


3S 


'182512 






+ 




+ Bus Hold 


'182516 






+ 




+ Bus Hold 


20 


3S 


'182514 






+ 




+ Bus Hold 



3S = 3-State 

✓ Product available in technology indicated + New product planned in technology indicated 



IEEE 1149.1 (JTAG) BOUNDARY-SCAN LOGIC 



IEEE 1149.1 (JTAG) Widebus™ With Quad-Sided Terminals 



UtoUHIr 1 lUN 


NO. OF 


f\i ITDI IT 


TYPE 


TECHNOLOGY 


BITS 


ABT 


BCT 


LVT 


ACT 


OTHER 


Registered Transceivers 


1R 
10 


OO 


'18646 


✓ 




+ 




✓ Bus Hold 


'18652 


✓ 




+ 




✓ Bus Hold 


Registered Transceivers With Series Resistors on B Port 


18 


3S 


'182646 


✓ 




+ 




✓ Bus Hold 


'182652 


✓ 




+ 




✓ Bus Hold 


Universal Bus Transceivers (UBT™) 


18 


3S 


'18502 


✓ 




✓ 




✓ Bus Hold 


20 


3S 


'18504 


✓ 




✓ 




✓ Bus Hold 


Universal Bus Transceivers (UBT™) With Series Resistors on B Port 


18 


3S 


'182502 


✓ 




✓ 




✓ Bus Hold 


20 


3S 


'182504 


✓ 




✓ 




✓ Bus Hold 



3S = 3-State 

✓ Product available in technology indicated + New product planned in technology indicated 



IEEE 1149.1 (JTAG) Scan Support 



DESCRIPTION 


TYPE 


TECHNOLOGY 


ABT 


BCT 


LVT 


ACT 


OTHER 


Test Bus Controllers 


•8980 






✓ 






'8990 








✓ 




Digital Bus Monitors 


'8994 








✓ 




Addressable Scan Port Devices 


•8996 


✓ 










Scan-Path Linkers 


•8997 








✓ 




Scan-Path Selectors 


'8999 








✓ 





3S = 3-State 

✓ Product available in technology indicated + New product planned in technology indicated 



Genera! Information 



1 



SN54/74BCT Octals 



SN54/74ABT Octals 



SN54/74ABT Widebus™ With Dual-Sided Terminals 
SN54/74ABT Widebus™ With Quad-Sided Terminals 
SN54/74LVT Widebus™ With Dual-Sided Terminals 
SN54/74LVT Widebus™ With Quad-Sided Terminals 



Scan-Support Functions 



Mechanical Data 



Technical Information 
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SN54BCT8240A, SN74BCT8240A 
SCAN TEST DEVICES 
WITH OCTAL INVERTING BUFFERS 

SCBS067E- FEBRUARY 1990 - REVISED DECEMBER 1996 



Members of the Texas Instruments 
SCOPE™ Family of Testability Products 
Octal Test-Integrated Circuits 
Functionally Equivalent to 'F240 and 
'BCT240 In the Normal-Function Mode 

Compatible With the IEEE Standard 
1149.1-1990 (JTAG) Test Access Port and 
Boundary-Scan Architecture 

Test Operation Synchronous to Test 
Access Port (TAP) 

Implement Optional Test Reset Signal by 
Recognizing a Double-High-Level Voltage 
(10V)onTMSPIn 
SCOPE™ Instruction Set 

- IEEE Standard 1149.1-1990 Required 
Instructions, Optional INTEST, CLAMP, 
and HIGHZ 

- Parallel-Signature Analysis at Inputs 

- Pseudo-Random Pattern Generation 
From Outputs 

- Sample Inputs/Toggle Outputs 

Package Options Include Plastic 
Small-Outline (DW) Packages, Ceramic 
Chip Carriers (FK), and Standard Plastic 
and Ceramic 300-mll DIPs (JT, NT) 



description 



SN54BCT8240A . . . JT PACKAGE 
SN74BCT8240A ... DW OR NT PACKAGE 
(TOP VIEW) 



10E[ 


, u 


24] 


1Y1[ 


2 


23 ] 


1Y2[ 


3 


22 j 


1Y3[ 


4 


21] 


1Y4[ 


5 


20 ] 


GND[ 


6 


19] 


2Y1[ 




18] 


2Y2[ 


8 


17] 


2Y3[ 


9 


16] 


2Y4[ 


10 


15] 


TDO[ 


11 


14] 


TMS[ 


12 


13] 



SN54BCT8240A . . . FK PACKAGE 
CTOP VIEW) 



32< 
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,82 

> CM 
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1A2 ] 5 

1AI_ ] 6 
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NC ] 8 
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25[ 
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21 [ 

20[ TDO 
19[ 2Y4 



2A4 

TDI 

TCK 

NC 

TMS 



52? 



Q o r £ £2 

0 CM CM CM 



NC - No internal connection 



The 'BCT8240A scan test devices with octal 
buffers are members of the Texas Instruments 
SCOPE™ testability integrated-circuit family. This 
family of devices supports IEEE Standard 
1 1 49.1-1 990 boundary scan to facilitate testing of 
complex circuit-board assemblies. Scan access 
to the test circuitry is accomplished via the 4-wire 
test access port (TAP) interface. 

In the normal mode, these devices are functionally equivalent to the 'F240 and 'BCT240 octal buffers. The test 
circuitry can be activated by the TAP to take snapshot samples of the data appearing at the device terminals 
or to perform a self test on the boundary-test cells. Activating the TAP in normal mode does not affect the 
functional operation of the SCOPE™ octal buffers. 

In the test mode, the normal operation of the SCOPE™ octal buffers is inhibited and the test circuitry is enabled 
to observe and control the I/O boundary of the device. When enabled, the test circuitry can perform 
boundary-scan test operations, as described in IEEE Standard 1 1 49.1-1 990. 



SCOPE is a trademark of Texas Instruments Jncorgorated 



production data irtofmrton K currant m of pubueition data. ■ Copyright© 1996, Texas Instruments Incorporated 
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sttntod warranty. Production procatalng dOM not n»c«*aarily induda Wl TcVAC *"*•* otharwtaT notad. On all other products, production 
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SN54BCT8240A, SN74BCT8240A 

SCAN TEST DEVICES 

WITH OCTAL INVERTING BUFFERS 

SCBS067E - FEBRUARY 1 990 - REVISED DECEMBER 1 996 



description (continued) 

Four dedicated test terminals control the operation of the test circuitry: test data input (TDI), test data output 
(TDO), test mode select (TMS), and test clock (TCK). Additionally, the test circuitry performs other testing 
functions such as parallel-signature analysis (PSA) on data inputs and pseudo-random pattern generation 
(PRPG) from data outputs. All testing and scan operations are synchronized to the TAP interface: 

The SN54BCT8240A is characterized for operation over the full military temperature range of -55°C to 1 25°C. 
The SN74BCT8240A is characterized for operation from 0°C to 70°C. 



logic symboit 
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1A1 
1A2 
1A3 
1A4 
2A1 
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2A4 



24 



23 
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15 



FUNCTION TABLE 
(normal mode, each buffer) 



INPUTS 


OUTPUT 


61 A 


Y 


H X 


Z 


L L 


H 


L H 


L 



TDI 


14 


TDI 




TMS 


12 


TMS 


13 

1 


TCK 


> TCK-IN 



o 

SCAN 
'BCT8240A 



TDO 



TCK-OUT 



EN1 
EN2 

3— 



1 V 



2 V 



tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
Pin numbers shown are for the DW, JT, and NT packages. 
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SN54BCT8240A, SN74BCT8240A 
SCAN TEST DEVICES 
WITH OCTAL INVERTING BUFFERS 

SCBS067E - FEBRUARY 1 990 - REVISED DECEMBER 1 996 



functional block diagram 
vcc 

ioi 



20E 




TMS 



TCK 



1Y1 



2Y1 



V CC 



TDO 



Pin numbers shown are (or the DW, JT, and NT packages. 
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SN54BCT8240A, SN74BCT8240A 

SCAN TEST DEVICES 

WITH OCTAL INVERTING BUFFERS 



SCBS067E - FEBRUARY 1 990 - REVISED DECEMBER 1 996 



Terminal Functions 


TERMINAL 
NAME 


DESCRIPTION 


1A1-1A4, 
2A1-2A4 


Normal-function data inputs. See function table for normal-mode logic. Internal pullups force these inputs to a high level if 
left unconnected. 


GND 


Ground 


10E.20E 


Normal-function output-enable inputs. See function table for normal-mode logic. Internal pullups force these inputs to a high 
level if left unconnected. 


TCK 


Test clock. One of four terminals required by I EEE Standard 1 1 49. 1 -1 990. Test operations of the device are synchronous to 
TCK. Data is captured on the rising edge of TCK and outputs change on the falling edge of TCK. An internal pullup forces 
TCK to a high level if left unconnected. 


TDI 


Test data input. One of four terminals required by IEEE Standard 1 1 49.1-1 990. TDI is the serial input for shifting data through 
the instruction register or selected data register. An internal pullup forces TDI to a high level if left unconnected. 


TDO 


Test data output. One of four terminals required by IEEE Standard 1149.1-1990. TDO is the serial output for shifting data 
through the instruction register or selected data register. An internal pullup forces TDO to a high level when it is not active 
and is not driven from an external source. 


TMS 


Test mode select. One of four terminals required by IEEE Standard 1149.1-1990. TMS directs the device through its 
TAP-controller states. An internal pullup forces TMS to a high level if left unconnected. TMS also provides the optional test 
reset signal of I EEE Standard 1 1 49. 1 -1 990. This is implemented by recognizing a third logic level, double high (V|hh). at TMS. 


vcc 


Supply voltage 


1Y1-1Y4, 
2Y1-2Y4 


Normal-function data outputs. See function table for normal-mode logic. 
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SCAN TEST DEVICES 
WITH OCTAL INVERTING BUFFERS 

SCBS067E - FEBRUARY 1 990 - REVISED DECEMBER 1 996 



test architecture 

Serial-test information is conveyed by means of a 4-wire test bus, or TAP, that conforms to IEEE Standard 
1149.1-1990. Test instructions, test data, and test control signals all are passed along this serial-test bus. The 
TAP controller monitors two signals from the test bus, TCK and TMS. The TAP controller extracts the 
synchronization (TCK) and state control (TMS) signals from the test bus and generates the appropriate on-chip 
control signals for the test structures in the device. Figure 1 shows the TAP-controller state diagram. 

The TAP controller is fully synchronous to the TCK signal. Input data is captured on the rising edge of TCK, and 
output data changes on the falling edge of TCK. This scheme ensures that data to be captured is valid for fully 
one-half of the TCK cycle. 

The functional block diagram shows the IEEE Standard 1149.1-1990 4-wire test bus and boundary-scan 
architecture and the relationship among the test bus, the TAP controller, and the test registers. As shown, the 
device contains an 8-bit instruction register and three test-data registers: an 18-bit boundary-scan register, a 
2-bit boundary-control register, and a 1-bit bypass register. 
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Figure 1. TAP-Controller State Diagram 
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state diagram description 

The TAP controller is a synchronous finite state machine that provides test control signals throughout the device. 
The state diagram shown in Figure 1 is in accordance with IEEE Standard 1149.1-1990. The TAP controller 
proceeds through its states based on the level of TMS at the rising edge of TCK. 

As illustrated, the TAP controller consists of 1 6 states. There are six stable states (indicated by a looping arrow 
in the state diagram) and ten unstable states. A stable state is a state the TAP controller can retain for 
consecutive TCK cycles. Any state that does not meet this criterion is an unstable state. 

There are two main paths through the state diagram: one to access and control the selected data register and 
one to access and control the instruction register. Only one register may be accessed at a time. 

Test-Logic-Reset 

The device powers up in the Test-Logic-Reset state. In the stable Test-Logic-Reset state, the test logic is reset 
and is disabled so that the normal logic function of the device is performed. The instruction register is reset to 
an opcode that selects the optional IDCODE instruction, if supported, or the BYPASS instruction. Certain data 
registers also can be reset to their power-up values. 

The state machine is constructed such that the TAP controller returns to the Test-Logic-Reset state in no more 
than five TCK cycles if TMS is left high. The TMS pin has an internal pullup resistor that forces it high if left 
unconnected or if a board defect causes it to be open circuted. 

For the 'BCT8240A, the instruction register is reset to the binary value 11111111, which selects the BYPASS 
instruction. The boundary-control register is reset to the binary value 1 0, which selects the PSA test operation. 

Run-Test/Idle 

The TAP controller must pass through the Run-Test/ldle state (from Test-Logic-Reset) before executing any test 
operations. The Run-Test/ldle state also can be entered following data-register or instruction-register scans. 
Run-Test/ldle is a stable state in which the test logic may be actively running a test or may be idle. 

The test operations selected by the boundary-control register are performed while the TAP controller is in the 
Run-Test/ldle state. 

Select-DR-Scan, Select-IR-Scan 

No specific function is performed in the Select-DR-Scan and Select-IR-Scan states, and the TAP controller exits 
either of these states on the next TCK cycle. These states allow the selection of either data-register scan or 
instruction-register scan. 

Capture-DR 

When a data-register scan is selected, the TAP controller must pass through the Capture-DR state. In the 
Capture-DR state, the selected-data register may capture a data value as specified by the current instruction. 
Such capture operations occur on the rising edge of TCK, upon which the TAP controller exits the 
Capture-DR state. 

Shift-DR 

Upon entry to the Shift-DR state, the data register is placed in the scan path between TDI and TDO and, on the 
first falling edge of TCK, TDO goes from the high-impedance state to an active state. TDO enables to the logic 
level present in the least-significant bit of the selected data register. 

While in the stable Shift-DR state, data is serially shifted through the selected data register on each TCK cycle. 
The first shift occurs on the first rising edge of TCK after entry to the Shift-DR state (i.e., no shifting occurs during 
the TCK cycle in which the TAP controller changes from Capture-DR to Shift-DR or from Exit2-DR to Shift-DR). 
The last shift occurs on the rising edge of TCK, upon which the TAP controller exits the Shift-DR state. 
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Exltl-DR, Exlt2-DR 

The Exit1-DR and Exit2-DR states are temporary states that end a data-register scan. It is possible to return 
to the Shift-DR state from either Exit1-DR or Exit2-DR without recapturing the data register. 

On the first falling edge of TCK after entry to Exit1-DR, TDO goes from the active state to the 
high-impedance state. 

Pause-DR 

No specific function is performed in the stable Pause-DR state, in which the TAP controller can remain 
indefinitely. The Pause-DR state suspends and resumes data-register scan operations without loss of data. 

Update-DR 

If the current instruction calls for the selected data register to be updated with current data, then such update 
occurs on the falling edge of TCK following entry to the Update-DR state. 

Capture-IR 

When an instruction-register scan is selected, the TAP controller must pass through the Capture-IR state. In 
the Capture-IR state, the instruction register captures its current status value. This capture operation occurs 
on the rising edge of TCK, upon which the TAP controller exits the Capture-IR state. 

For the "BCT8240A, the status value loaded in the Capture-IR state is the fixed binary value 10000001. 

Shift-IR 

Upon entry to the Shift-IR state, the instruction register is placed in the scan path between TDI and TDO and, 
on the first falling edge of TCK, TDO goes from the high-impedance state to an active state. TDO enables to 
the logic level present in the least-significant bit of the instruction register. 

While in the stable Shift-IR state, instruction data is serially shifted through the instruction register on each TCK 
cycle. The first shift occurs on the first rising edge of TCK after entry to the Shift-IR state (i.e., no shifting occurs 
during the TCK cycle in which the TAP controller changes from Capture-IR to Shift-IR or from Exit2-IR to 
Shift-IR). The last shift occurs on the rising edge of TCK, upon which the TAP controller exits the Shift-IR state. 

ExitMR, Exit2-IR 

The Exit1-IR and Exit2-IR states are temporary states that end an instruction-register scan. It is possible to 
return to the Shift-IR state from either Exit1-IR or Exit2-IR without recapturing the instruction register. 

On the first falling edge of TCK after entry to Exit1-IR, TDO goes from the active state to the 
high-impedance state. 

Pause-IR 

No specific function is performed in the stable Pause-IR state, in which the TAP controller can remain 
indefinitely. The Pause-IR state suspends and resumes instruction-register scan operations without loss 
of data. 

Update-IR 

The current instruction is updated and takes effect on the falling edge of TCK, following entry to the 
Update-IR state. 
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register overview 

With the exception of the bypass register, any test register may be thought of as a serial-shift register with a 
shadow latch on each bit. The bypass register differs in that it contains only a shift register. During the 
appropriate capture state (Capture-IR for instruction register, Capture-DR for data registers), the shift register 
may be parallel loaded from a source specified by the current instruction. During the appropriate shift state 
(Shift-IR or Shift-DR), the contents of the shift register are shifted out from TDO while new contents are shifted 
in at TDI. During the appropriate update state (Update-IR or Update-DR), the shadow latches are updated from 
the shift register. 

instruction register description 

The instruction register (IR) is eight bits long and tells the device what instruction is to be executed. Information 
contained in the instruction includes the mode of operation (either normal mode, in which the device performs 
its normal logic function, ortest mode, in which the normal logic function is inhibited or altered), the test operation 
to be performed, which of the three data registers is to be selected for inclusion in the scan path during 
data-register scans, and the source of data to be captured into the selected data register during Capture-DR. 

Table 2 lists the instructions supported by the 'BCT8240A. The even-parity feature specified for SCOPE™ 
devices is not supported in this device. Bit 7 of the instruction opcode is a don't-care bit. Any instructions that 
are defined for SCOPE™ devices but are not supported by this device default to BYPASS. 

During Capture-IR, the IR captures the binary value 1 0000001 . As an instruction is shifted in, this value is shifted 
out via TDO and can be inspected as verification that the IR is in the scan path. During Update-IR, the value 
that has been shifted into the IR is loaded into shadow latches. At this time, the current instruction is updated 
and any specified mode change takes effect. At power up or in the Test-Logic-Reset state, the IR is reset to the 
binary value 11111111 , which selects the BYPASS instruction. The IR order of scan is shown in Figure 2. 



Bit 7 
(MSB) 




Bit 6 




Bit 5 




Bit 4 




Bit 3 




Bit 2 




Bin 




BltO 


Don't 
Care 


— ► 


— ► 


— > 


— ► 


— ► 


— ► 


— ► 


(LSB) 



Figure 2. Instruction Register Order of Scan 



data-register description 
boundary-scan register 

The boundary-scan register (BSR) is 18 bits long. It contains one boundary-scan cell (BSC) for each 
normal-function input pin and one BSC for each normal-function output pin. The BSR is used 1 ) to store test 
data that is to be applied internally to the inputs of the normal on-chip logic and/or externally to the device output 
terminals, and/or 2) to capture data that appears internally at the outputs of the normal on-chip logic and/or 
externally at the device input terminals. 

The source of data to be captured into the BSR during Capture-DR is determined by the current instruction. The 
contents of the BSR may change during Run-Test/Idle as determined by the current instruction. The contents 
of the BSR are not changed in Test-Logic-Reset. 

The BSR order of scan is from TDI through bits 1 7-0 to TDO. Table 1 shows the BSR bits and their associated 
device pin signals. 
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Table 1. Boundary-Scan Register Configuration 



BSR BIT 


DEVICE 


BSR BIT 


DEVICE 


BSR BIT 


DEVICE 


NIIMRPR 


SIGNAL 


NUMBER 


SIGNAL 


NUMBER 


SIGNAL 


17 


10E 


15 


1A1 


7 


1Y1 


16 


20E 


14 


1A2 


6 


1Y2 






13 


1A3 


5 


1Y3 






12 


1A4 


4 


1Y4 






11 


2A1 


3 


2Y1 






10 


2A2 


2 


2Y2 






9 


2A3 


1 


2Y3 






8 


2A4 


0 


2Y4 



boundary-control register 

The boundary-control register (BCR) is two bits long. The BCR is used in the context of the RUNT instruction 
to implement additional test operations not included in the basic SCOPE™ instruction set. Such operations 
include PRPG and PSA. Table 3 shows the test operations that are decoded by the BCR. 

During Capture-DR, the contents of the BCR are not changed. At power up or in Test-Logic-Reset, the BCR is 
reset to the binary value 1 0, which selects the PSA test operation. The BCR order of scan is shown in Figure 3. 



TDI 





Bit 1 
(MSB) 




BItO 
(LSB) 




> 


*> 


► 



TDO 



Figure 3. Boundary-Control Register Order of Scan 

bypass register 

The bypass register is a 1-bit scan path that can be selected to shorten the length of the system scan path, 
thereby reducing the number of bits per test pattern that must be applied to complete a test operation. 

During Capture-DR, the bypass register captures a logic 0. The bypass register order of scan is shown in 
Figure 4. 



TDI 



BItO 



-> TDO 



Figure 4. Bypass Register Order of Scan 

instruction-register opcode description 

The instruction-register opcodes are shown in Table 2. The following descriptions detail the operation of 
each instruction. 
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Table 2. Instruction-Register Opcodes 



BINARY CODEt 
BIT 7 -» BIT 0 

UCD _i 1 CD 


SCOPE OPCODE 


DESCRIPTION 



SELECTED DATA 
REGISTER 


MODE 


Ynnnnnnn 

AUUUUUUU 


CA 1 CO 1 /UN 1 CO 1 


Boundary scan 


Boundary scan 


Test 


AUUUUUU 1 


rvpaqq! 

D T rnOOT 


Bypass scan 


Bypass 


Normal 


AUUUUU IU 


CAMPI C/PDCI A Pi 

oAlvlrLc/rncHJAU 


Sample boundary 


Boundary scan 


Normal 


auuuuu n 


IIN 1 CO 1 /CA 1 Co 1 


Boundary scan 


Boundary scan 


Test 


AUUUU1UU 


RVPAQQi 


Bypass scan 


Bypass 


Normal 


Ynnnmm 

AUUUU 1 U 1 




Bypass scan 


Bypass 


Normal 


Ynnnnun 

AUUUU 1 1 u 


Hlf3H7 ^"RIRVP^ 


Control boundary to high impedance 


Bypass 


Modified test 


Ynnnnm 

AUUUU 1 1 1 


PI AMP f<?PTRYP^ 
uLrtmr ^OC 1 DIrj 


Control boundary to 1/0 


Bypass 


Test 


X0001000 


BYPASS^ 


Bypass scan 


Bypass 


Normal 


X0001001 


RUNT 


Boundary run test 


Bypass 


Test 


X0001010 


READBN 


Boundary read 


Boundary scan 


Normal 


X0001011 


READBT 


Boundary read 


Boundary scan 


Test 


X0001100 


CELLTST 


Boundary self test 


Boundary scan 


Normal 


X0001101 


TOPHIP 


Boundary toggle outputs 


Bypass 


Test 


X0001110 


SCANCN 


Boundary-control register scan 


Boundary control 


Normal 


X0001111 


SCANCT 


Boundary-control register scan 


Boundary control 


Test 


All others 


BYPASS 


Bypass scan 


Bypass 


Normal 



t Bit 7 is a don't-care bit; X = don't care. 

^The BYPASS instruction is executed in lieu of a SCOPE™ instruction that is not supported in the 'BCT8240A. 



boundary scan 

This instruction conforms to the IEEE Standard 1149.1-1990 EXTEST and INTEST instructions. The BSR is 
selected in the scan path. Data appearing at the device input terminals is captured in the input BSCs, while data 
appearing at the outputs of the normal on-chip logic is captured in the output BSCs. Data that has been scanned 
into the input BSCs is applied to the inputs of the normal on-chip logic, while data that has been scanned into 
the output BSCs is applied to the device output terminals. The device operates in the test mode. 

~ j i • 

This instruction conforms to the IEEE Standard 1149.1-1990 BYPASS instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. The device 
operates in the normal mode. 

sample boundary 

This instruction conforms to the IEEE Standard 1149.1-1990 SAMPLE/PRELOAD instruction. The BSR is 
selected in the scan path. Data appearing at the device input terminals is captured in the input BSCs, while data 
appearing at the outputs of the normal on-chip logic is captured in the output BSCs. The device operates in the 
normal mode. 
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control boundary to high impedance 

This instruction conforms to the IEEE Standard 11 49.1 a-1 993 HIGHZ instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. The device 
operates in a modified test mode in which all device output terminals are placed in the high-impedance state, 
the device input terminals remain operational, and the normal on-chip logic function is performed. 

control boundary to 1/0 

This instruction conforms to the IEEE Standard 11 49.1 a-1 993 CLAMP instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. Data in the input 
BSCs is applied to the inputs of the normal on-chip logic, while data in the output BSCs is applied to the device 
output terminals. The device operates in the test mode. 

boundary run test 

The bypass register is selected in the scan path. A logic 0 value is captured in the bypass register during 
Capture-DR. The device operates in the test mode. The test operation specified in the BCR is executed during 
Run-Test/Idle. The four test operations decoded by the BCR are: sample inputs/toggle outputs (TOPSIP), 
PRPG, PSA, and simultaneous PSA and PRPG (PSA/PRPG). 

boundary read 

The BSR is selected in the scan path. The value in the BSR remains unchanged during Capture-DR. This 
instruction is useful for inspecting data after a PSA operation. 

boundary self test 

The BSR is selected in the scan path. All BSCs capture the inverse of their current values during Capture-DR. 
In this way, the contents of the shadow latches may be read out to verify the integrity of both shift-register and 
shadow-latch elements of the BSR. The device operates in the normal mode. 

boundary toggle outputs 

The bypass register is selected in the scan path. A logic 0 value is captured in the bypass register during 
Capture-DR. Data in the shift-register elements of the selected output BSCs is toggled on each rising edge of 
TCK in Run-Test/Idle and is then updated in the shadow latches and applied to the associated device output 
terminals on each falling edge of TCK in Run-Test/Idle. Data in the selected input BSCs remains constant and 
is applied to the inputs of the normal on-chip logic. Data appearing at the device input terminals is not captured 
in the input BSCs. The device operates in the test mode. 

boundary-control-register scan 

The BCR is selected in the scan path. The value in the BCR remains unchanged during Capture-DR. This 
operation must be performed before a boundary-run test operation to specify which test operation is to 
be executed. 
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boundary-control-register opcode description 

The BCR opcodes are decoded from BCR bits 1-0, as shown in Table 3. The selected test operation is 
performed while the RUNT instruction is executed in the Run-Test/Idle state. The following descriptions detail 
the operation of each BCR instruction and illustrate the associated PSA and PRPG algorithms. 



Table 3. Boundary-Control Register Opcodes 



BINARY CODE 
BIT 1 -> BIT 0 
MSB -> LSB 


DESCRIPTION 


00 


Sample inputs/toggle outputs (TOPSIP) 


01 


Pseudo-random pattern generation/1 6-bit mode (PRPG) 


10 


Parallel-signature analysis/1 6-bit mode (PSA) 


11 


Simultaneous PSA and PRPG/8-bit mode (PSA/PRPG) 



It should be noted, in general, that while the control input BSCs (bits 17-16) are not included in the sample, 
toggle, PSA, or PRPG algorithms, the output-enable BSCs (bits 17-16 of the BSR) do control the drive state 
(active or high impedance) of the selected device output terminals. 

sample inputs/toggle outputs (TOPSIP) 

Data appearing at the device input terminals is captured in the shift-register elements of the input BSCs on each 
rising edge of TCK. This data is then updated in the shadow latches of the input BSCs and applied to the inputs 
of the normal on-chip logic. Data in the shift-register elements of the output BSCs is toggled on each rising edge 
of TCK, updated in the shadow latches, and applied to the device output terminals on each falling edge of TCK. 

pseudo-random pattern generation (PRPG) 

A pseudo-random pattern is generated in the shift-register elements of the BSCs on each rising edge of TCK 
and then updated in the shadow latches and applied to the device output terminals on each falling edge of TCK. 
This data also is updated in the shadow latches of the input BSCs and applied to the inputs of the normal on-chip 
logic. Figure 5 shows the 16-bit linear-feedback shift-register algorithm through which the patterns are 
generated. An initial seed value should be scanned into the BSR before performing this operation. A seed value 
of all zeroes will not produce additional patterns. 



1A1 



1A2 



1A3 



1A4 



2A1 



2A2 



2A3 



2A4 



©■x> 




1Y1 1Y2 1Y3 

Figure 5. 16-Bit PRPG Configuration 
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parallel-signature analysis (PSA) 

Data appearing at the device input terminals is compressed into a 1 6-bit parallel signature in the shift-register 
elements of the BSCs on each rising edge of TCK. This data is then updated in the shadow latches of the input 
BSCs and applied to the inputs of the normal on-chip logic. Data in the shadow latches of the output BSCs 
remains constant and is applied to the device outputs. Figure 6 shows the 16-bit linear-feedback shift-register 
algorithm through which the signature is generated. An initial seed value should be scanned into the BSR before 
performing this operation. 



1A1 



1A2 



1A3 



1A4 



2A1 



2A2 



2A3 



2A4 



©- 



© 



© 



© 



© 



© 



© 



© 



®-3> 



-© 



© 



1Y1 



1Y2 



1Y3 



1Y4 



2Y1 



2Y2 



2Y3 



2Y4 



Figure 6. 16-Bit PSA Configuration 



simultaneous PSA and PRPG (PSA/PRPG) 

Data appearing at the device input terminals is compressed into an 8-bit parallel signature in the shift-register 
elements of the input BSCs on each rising edge of TCK. This data is then updated in the shadow latches of the 
input BSCs and applied to the inputs of the normal on-chip logic. At the same time, an 8-bit pseudo-random 
pattern is generated in the shift-register elements of the output BSCs on each rising edge of TCK, updated in 
the shadow latches, and applied to the device output terminals on each falling edge of TCK. Figure 7 shows 
the 8-bit linear-feedback shift-register algorithm through which the signature and patterns are generated. An 
initial seed value should be scanned into the BSR before performing this operation. A seed value of all zeroes 
will not produce additional patterns. 



1A1 



1A2 



1A3 



1A4 



2A1 
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Figure 7. 8-Bit PSA/PRPG Configuration 
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timing description 

All test operations of the 'BCT8240A are synchronous to TCK. Data on the TDI, TMS, and normal-function inputs 
is captured on the rising edge of TCK. Data appears on the TDO and normal-function output terminals on the 
falling edge of TCK. The TAP controller is advanced through its states (as shown in Figure 1) by changing the 
value of TMS on the falling edge of TCK and then applying a rising edge to TCK. 

A simple timing example is shown in Figure 8. In this example, the TAP controller begins in the Test-Logic-Reset 
state and is advanced through its states, as necessary, to perform one instruction-register scan and one 
data-register scan. While in the Shift-IR and Shift-DR states, TDI is used to input serial data and TDO is used 
to output serial data. The TAP controller is then returned to the Test-Logic-Reset state. Table 4 details the 
operation of the test circuitry during each TCK cycle. 



Table 4. Explanation of Timing Example 



TCK 
CYCLE(S) 


TAP STATE 
AFTER TCK 


DESCRIPTION 


1 


Test-Logic-Reset 


TMS is changed to a logic 0 value on the falling edge of TCK to begin advancing the TAP controller toward 


2 


nun- lesuium 




3 


Q a | a nf_ n R - Q r?a n 
OOlOwl'Uri'OVscUl 




4 






5 


Capture-IR 


The IR captures the 8-bit binary value 10000001 on the rising edge of TCK as the TAP controller exits the 
Capture-IR state. 


6 


Shift-IR 


TDO becomes active and TDI is made valid on the falling edge of TCK. The first bit is shifted into the TAP 
on the rising edge of TCK as the TAP controller advances to the next state. 


7-13 


Shift-IR 


One bit is shifted into the IR on each TCK rising edge. With TDI held at a logic 1 value, the 8-bit binary value 
1 1 1 1 1 1 1 1 is serially scanned into the I R. At the same time, the 8-bit binary value 1 0000001 is serially scanned 
out of the IR via TDO. In TCK cycle 13, TMS is changed to a logic 1 value to end the IR scan on the next 
TCK cycle. The last bit of the instruction is shifted as the TAP controller advances from Shift-IR to Exitl-IR. 


14 


ExitMR 


TDO becomes inactive (goes to the high-impedance state) on the falling edge of TCK. 


15 


Update-IR 


The IR is updated with the new instruction (BYPASS) on the falling edge of TCK. 


16 


Select-DR-Scan 




17 


Capture-DR 


The bypass register captures a logic 0 value on the rising edge of TCK as the TAP controller exits the 
Capture-DR state. 


16 


Shift-DR 


TDO becomes active and TDI is made valid on the falling edge of TCK. The first bit is shifted into the TAP 
on the rising edge of TCK as the TAP controller advances to the next state. 


19-20 


Shift-DR 


The binary value 101 is shifted in via TDI, while the binary value 010 is shifted out via TDO. 


21 


Exit1-DR 


TDO becomes inactive (goes to the high-impedance state) on the falling edge of TCK. 


22 


Update-DR 


In general, the selected data register is updated with the new data on the falling edge of TCK. 


23 


Select-DR-Scan 




24 


Select-IR-Scan 




25 


Test-Logic-Reset 


Test operation completed 
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TMS 



TDI 



TDO 



i_r 



TAP 
Controller 
State 



<8 



3-State (TDO) or Don't Care (TDI) 

Figure 8. Timing Example 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, Vcc -°- 5 V to 7 V 

Input voltage range, V|: except TMS (see Note 1 ) -0.5 V to 7 V 

TMS (see Note 1) -0.5 V to 12 V 

Voltage range applied to any output in the disabled or power-off state -0.5 V to 5.5 V 

Voltage range applied to any output in the high state -0.5 V to Vcc 

Input clamp current, l||< -30 mA 

Current into any output in the low state: SN54BCT8240A (TDO) 40 mA 

SN54BCT8240A (any Y) 96 mA 

SN74BCT8240A (TDO) 48 mA 

SN74BCT8240A (any Y) 128mA 

Maximum power dissipation at Ta = 55°C (in still air) (see Note 2): DW package 1 .7 W 

NT package 1 .3 W 

Storage temperature range, T s t g -65°C to 150°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 
NOTES: 1 . The input voltage rating may be exceeded if the input clamp-current rating is observed. 

2. The maximum package power dissipation is calculated using a junction temperature of 1 50°C and a board trace length of 750 mils, 
except for the NT package, which has trace length of zero. For more information, refer to the Package Thermal Considerations 
application note in the ABT Advanced BiCMOS Technology Data Book, literature number SCBD002. 
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recommended operating conditions 









SN54BCT8240A 


SN74BCT8240A 


UNIT 








MIN 


NOM MAX 


MIN 


NOM MAX 


vcc 


Supply voltage 




4.5 


5 5.5 


4.5 


5 5.5 


V 


V|H 


High-level input voltage 




2 


2 


V 


V|HH 


Double-high-level input voltage 


TMS 


10 


12 


10 


12 


V 


VlL 


Low-level input voltage 




0.8 


0.8 


V 


IlK 


Input clamp current 




-18 


-18 


mA 


'OH 


High-level output current 


TDO 


-3 


-3 


mA 


AnyY 


-12 


-15 


lOL 


Low-level output current 


TDO 


20 


24 


mA 


AnyY 


48 


64 


TA 


Operating free-air temperature 




-55 


125 


0 


70 


°C 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


SN54BCT8240A 


SN74BCT8240A 


UNIT 


MIN 


TYPt 


MAX 


MIN 


TYPt 


MAX 


V|K 


V C C - 4.5 V, 


l|=-18mA 




-1.2 


-1.2 


V 






Vcc - 4 -75 V, 


Iqh --3 mA 




2.7 


3.4 




2.7 


3.4 








AnyY 




lOH -"3 mA 


2.4 


3.4 




2.4 


3.4 




v 




V C C - 4.5 V 


Iqh =>-12 mA 


2 


3.2 






VOH 






Iqh = -15 mA 




2 


3.1 










VCC - 4.75 V, 


Iqh - -1 mA 




2.7 


3.4 




2.7 


3.4 








TDO 


\Jm o 4 5 V 


lOH = ~ 1 mA 


2.5 


3.4 




2.5 


3.4 




V 






lOH --3 mA 


2.4 


3.3 




2.4 


3.3 








AnyY 


VCC = 4-5 V 


lOL = 48 mA 




0.38 


0.55 






vol 


lOL = 64 mA 






0.42 


0.55 


V 


TDO 


V CC = 4.5 V 


lOL = 20 mA 




0.3 


0.5 






Iql - 24 mA 






0.35 


0.5 




ii 


V C C = 5.5 V, 


V|-5.5V 




0.1 


0.1 


mA 


l|H 


Vcc = 5.5 V, 


V| = 2.7 V 




-1 


-35 


-100 


-1 


-35 


-100 


\iA 


llHH 


TMS 


V C C -5.5 V, 


V| = 10V 




1 


1 


mA 


IlL 


Vcc -5.5 V, 


V| = 0.5 V 




-30 


-70 


-200 


-30 


-70 


-200 


HA 


'OZH 


AnyY 


V CC = 5-5 V, 


Vo = 2.7 V 




50 


50 


\iA 


TDO 




-1 


-35 


-100 


-1 


-35 


-100 


'OZL 


AnyY 


Vcc = 5.5 V, 


Vq - 0.5 V 




-50 


-50 


(iA 


TDO 




-30 


-70 


-200 


-30 


-70 


-200 


'OZPU 


Vcc - 0 to 2 V, 


Vo = 0.5 V or 2.7 V 


±250 


±250 




'OZPD 


Vcc - 2 V to 0, 


Vq = 0.5 V or 2.7 V 


±250 


±250 


jiA 


■off 


vcc = o, 


V| orVo<4.5V 




±250 


±250 


HA 


"OS* 


V C C = 5.5 V, 


Vo = 0 




-100 




-225 


-100 




-225 


mA 










Outputs high 




3.5 


7.5 




3.5 


7.5 




'cc 




V C C = 5-5V, 


Outputs open 


Outputs low 




35 


52 




35 


52 


mA 










Outputs disabled 




1.5 


3.5 




1.5 


3.5 




Cj 


V C C - 5 V, 


V|- 2.5 V or 0.5 V 


10 


10 


PF 


Co 


V C C = 5 V, 


Vq = 2.5 V or 0.5 V 


18 


18 


PF 



t All typical values are at Vcc = 5 V, Ta = 25°C. 

t Not more than one output should be shorted at a time, and the duration of the short circuit should not exceed one second. 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (test mode) (see Figure 9) 





V C C = 5 V, 
Ta = 25°C 


SN54BCT8240A 


SN74BCT8240A 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


^clock Clock frequency 


TCK 


0 20 


0 20 


0 20 


MHz 


t w Pulse duration 


TCK high or low 


25 


25 


25 


ns 


TMS double high 


50* 


50* 


50 


t su Setup time 


Any A before TCK? 


6 


6 


6 


ns 


Any OE before TCK? 


6 


6 , 


6 


TDI before TCKt 


6 


6 


6 


TMS before TCKT 


12 


12 


12 


t n Hold time 


Any A after TCK? 


4.5 


4.5 


4.5 


ns 


Any OE after TCKt 


4.5 


4.5 


4.5 


TDI after TCKt 


4.5 


4.5 


4.5 


TMS after TCKt 


0 


0 


0 


td Delay time 


Power up to TCKt 


100* 


100* 


100 


ns 



* On products compliant to MIL-PRF-38535, this parameter is not production tested. 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (normal mode) (see Figure 9) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V C C = 5V, 
Ta = 25°C 


SN54BCT8240A 


SN74BCT8240A 


UNIT 




MIN 


TYP 


MAX 


MIN 


MAX 


MIN 


MAX 




tPLH 


A 


Y 


2.5 


5.7 


7.5 


2.5 


10 


2.5 


9 


ns 


tPHL 


2.5 


5.2 


7 


2.5 


9 


2.5 


8 


tpZH 


OE 


Y 


3 


6 


8 


3 


10 


3 


9.5 


ns 


IPZL 


3.5 


7 


9 


3.5 


12 


3.5 


11 


tPHZ 


OE 


Y 


2.5 


6 


8 


2.5 


10 


2.5 


9 


ns 


tPLZ 


2.5 


5.5 


8 


2.5 


10 


2.5 


9 


switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (test mode) (see Figure 9) 


PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V C C = 5V, 
T A = 25°C 


SN54BCT8240A 


SN74BCT8240A 


UNIT 




MIN 


TYP 


MAX 


MIN 


MAX 


MIN 


MAX 




'max 


TCK 




20 


20 


20 


MHz 


tPLH 


TCKi 


Y 


6 


13 


15.5 


6 


21.5 


6 


20 


ns 


tPHL 


6 


12.5 


15.5 


6 


21.5 


6 


20 


tPLH 


TCKi 


TDO 


3.5 


7.6 


10.5 


3.5 


14 


3.5 


13 


ns 


tPHL 


3.5 


8 


10.5 


3.5 


13 


3.5 


12 


tPLH 


TCKt 


Y 


7.5 


16.5 


20 


7.5 


28 


7.5 


24 


ns 


tPHL 


7.5 


17 


21 


7.5 


29 


7.5 


25 


tpZH 


TCKi 


Y 


6.5 


14 


17 


6.5 


24 


6.5 


21 


ns 


*PZL 


7 


15 


20 


7 


26 


7 


23 


tPZH 


TCKi 


TDO 


3.5 


7.6 


10.5 


3.5 


11.5 


3.5 


11 


ns 


tpZL 


4 


8.5 


11 


4 


13.5 


4 


12.5 


tPZH 


TCKT 


Y 


8 


18 


22 


8 


30 


8 


27 


ns 


tpZL 


8 


19 


25 


8 


32 


8 


29 


tPHZ 


TCKi 


Y 


6 


14 


18 


6 


24 


6 


22 


ns 


tPLZ 


6 


14 


17 


6 


23 


6 


21 


tPHZ 


TCKi 


TDO 


3 


8 


11.5 


3 


13 


3 


12.5 


ns 


tPLZ 


3 


7.5 


10 


3 


13 


3 


12 


tPHZ 


TCKt 


Y 


8 


18.5 


22 


8 


31 


8 


27 


ns 


*PLZ 


8 


18.5 


22 


8 


31 


8 


27 
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PARAMETER MEASUREMENT INFORMATION 



7V(tp ZL ,tpLZ, O.C.) 

S1 



Open 

' (all others) 



R1 



From Output 

Under Test 

(see Note A) 



Test 
Point 



R2 



RL = R1 = R2 



From Output 

Under Test 

C L -=L- 
(see Note A) 



Test 
Point 



R1 



LOAD CIRCUIT FOR 
3-STATE AND OPEN-COLLECTOR OUTPUTS 



LOAD CIRCUIT FOR 
TOTEM-POLE OUTPUTS 



Timing Input 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



3V 
0V 
3V 



tsu -\ 4—* T " th 

I / V ' ~ 3V 

Data Input if 1.5 v \ 1.5 V 

' \— . — ov 



High-Level 
Pulse 



Low-Level 
Pulse 



1.5 V 



3 V 

1.5 V 

0V 



y i.5v 



3V 
0V 



VOLTAGE WAVEFORMS 
PULSE DURATION 



Input 



I i L 



1.5 V 



tPLH-|< 

In-Phase j 
Output < 



3V 



0V 



tPHL 



7^1-6 V | \l.5V 



VOH 



Out-of-Phase 
Output 



tPHL | « M 

J 



f« ►f-tpLH 



vol 



\ j.5V 



I/ V 0H 

1.5 V 

— vol 



VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES (see Note D) 



Output 
Control 
(low-level enable) 



Waveform 1 
(see Note B) 



1.5i 



1.5 V 



3V 



l> — SS — 4 ov 

tPZL-4 -J k-tpLz 

^ " I 7l u 



3.5 V 



0.3 V 



, , tPHZ"^ f- L - 

tpZH->| \<~ l i 

Waveform 2 ^— — — v OH 



(see Note B) 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES, 3-STATE OUTPUTS 




NOTES: A. Cl includes probe and jig capacitance. 

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

C. All input pulses are supplied by generators having the following characteristics: PRR < 10 MHz, t r = tf < 2.5 ns, duty cycle = 50%. 

D. The outputs are measured one at a time with one transition per measurement. 

E. When measuring propagation delay times of 3-state outputs, switch S1 is open. 



Figure 9. Load Circuits and Voltage Waveforms 
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Members of the Texas Instruments 
SCOPE™ Family of Testability Products 

Octal Test-Integrated Circuits 

Functionally Equivalent to 'F244 and 
'BCT244 In the Normal-Function Mode 

Compatible With the IEEE Standard 
1149.1-1990 (JTAG) Test Access Port and 
Boundary-Scan Architecture 

Test Operation Synchronous to Test 
Access Port (TAP) 

Implement Optional Test Reset Signal by 
Recognizing a Double-High-Level Voltage 
(10 V) on TMS Pin 
SCOPE™ Instruction Set 

- IEEE Standard 1149.1-1990 Required 
Instructions, Optional INTEST, CLAMP 
and HIGHZ 

- Parallel-Signature Analysis at Inputs 

- Pseudo-Random Pattern Generation 
From Outputs 

- Sample Inputs/Toggle Outputs 

Package Options Include Plastic 
Small-Outline (DW) Packages, Ceramic 
Chip Carriers (FK), and Standard Plastic 
and Ceramic 300-mil DIPs (JT, NT) 



description 



SN54BCT8244A . . . JT PACKAGE 
SN74BCT8244A ... DW OR NT PACKAGE 
(TOP VIEW) 




SN54BCT8244A . . . FK PACKAGE 
(TOP VIEW) 



co -5 r- „ O CM 

< < < ^ JJ < < 



rr NZ> CM CM 
I 1 1 1 1 1 1 1 1 1 1 1 1 I 



_ 4 3 2 1 28 27 26 _ 

1A2 ] 5 25[ 2A4 

1 \M_ ] 6 24[ TDI 

20E ] 7 23[ TCK 

NC ] 8 22[ NC 

10E ] 9 21 [ TMS 

1Y1 ] 10 20[ TDO 

1Y2 ] 11 19Q 2Y4 



12 13 14 15 16 17 18 
i — ii—ii — if— ii — ii — ir— i 



« 5 Q O t- cvj co 

t- t- g CM CM CM 

NC - No internal connection 



The 'BCT8244A scan test devices with octal 
buffers are members of the Texas Instruments 
SCOPE?" testability integrated-circuit family. This 
family of devices supports IEEE Standard 
1 1 49.1-1 990 boundary scan to facilitate testing of 
complex circuit-board assemblies. Scan access 
to the test circuitry is accomplished via the 4-wire 
test access port (TAP) interface. 

In the normal mode, these devices are functionally equivalent to the 'F244 and 'BCT244 octal buffers. The test 
circuitry can be activated by the TAP to take snapshot samples of the data appearing at the device terminals 
or to perform a self test on the boundary-test cells. Activating the TAP in normal mode does not affect the 
functional operation of the SCOPE™ octal buffers. 

In the test mode, the normal operation of the SCOPE™ octal buffers is inhibited and the test circuitry is enabled 
to observe and control the I/O boundary of the device. When enabled, the test circuitry can perform 
boundary-scan test operations, as described in IEEE Standard 1149.1-1990. 
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description (continued) 

Four dedicated test terminals control the operation of the test circuitry: test data input (TDI), test data output 
(TDO), test mode select (TMS), and test clock (TCK). Additionally, the test circuitry performs other testing 
functions such as parallel-signature analysis (PSA) on data inputs and pseudo-random pattern generation 
(PRPG) from data outputs. All testing and scan operations are synchronized to the TAP interface. 

The SN54BCT8244A is characterized for operation over the full military temperature range of -55°C to 1 25°C. 
The SN74BCT8244A is characterized for operation from 0°C to 70°C. 



FUNCTION TABLE 
(normal mode, each buffer) 



logic symbolt 



TDI 
TMS 
TCK 

10E 
20E 

1A1 
1A2 
1A3 
1A4 
2A1 
2A2 
2A3 
2A4 



INPUTS 


OUTPUT 
Y 


OE A 


H X 


Z 


L L 


L 


L H 


H 



14 


SCAN 
'BCT8244A 

TDI 

TMS TDO 

> TCK-IN 

> TCK-OUT 


11 


12 


13 


2 


IS 


1 


EN1 
EN2 

■ r 


24 


23 


> 1 V 


22 


3 




21 




4 




20 




5 




19 




7 


> 2 V 


17 


8 




16 




9 




15 




10 











TDO 



1Y1 
1Y2 
1Y3 
1Y4 
2Y1 
2Y2 
2Y3 
2Y4 



TThis symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
Pin numbers shown are for the DW, JT, and NT packages. 
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functional block diagram 



10E 



1A1 



20E 



2A1 




TMS 



TCK 



TDO 



Pin numbers shown are for the DW, JT, and NT packages. 



Texas 
Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 2-25 



SN54BCT8244A, SN74BCT8244A 
SCAN TEST DEVICES 
WITH OCTAL BUFFERS 



SCBS042E - FEBRUARY 1 990 - REVISED JULY 1996 



Terminal Functions 


TERMINAL NAME 


DESCRIPTION 


1A1-1A4.2A1-2A4 


Normal-function data inputs. See function table for normal-mode logic. Internal pullups force these inputs high if left 
unconnected. 


GND 


Ground 


10E.20E 


Normal-function output-enable inputs. See function table for normal-mode logic. Internal pullups force these inputs 
high if left unconnected. 


1 


Test clock. One of four terminals required by IEEE Standard 1149.1-1990. Test operations of the device are 

oyilOlli UIIUUo IU 1 \jT\. UcUd Is UaLnUioU UN Ulo ilolliy ouyt? Ul I v^rx allU UUlfJUlo Ullall^o Ull ulo lalllliy ouyo Ul I wr\> r\l 1 

internal pullup forces TCK to a high level if left unconnected. 


1 Ul 


Test data input. One of four terminals required by IEEE Standard 11 49. 1 -1 990. TDI is the serial input for shifting data 
through the instruction register or selected data register. An internal pullup forces TDI to a high level if left unconnected. 


TDO 


Test data output. One of four terminals required by IEEE Standard 1149.1-1990. TDO is the serial output for shifting 
data through the instruction register or selected data register. An internal pullup forces TDO to a high level when it is 
not active and is not driven from an external source. 


TMS 


Test mode select. One of four terminals required by IEEE Standard 1149.1-1990. TMS directs the device through its 
TAP controller states. An internal pullup forces TMS to a high level if left unconnected. TMS also provides the optional 
test reset signal of IEEE Standard 1149.1-1990. This is implemented by recognizing a third logic level, double high 
(V|HH).atTMS. 


vcc 


Supply voltage 


1Y1-1Y4.2Y1-2Y4 


Normal-function data outputs. See function table for normal-mode logic. 
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test architecture 

Serial-test information is conveyed by means of a 4-wire test bus, or TAP, that conforms to IEEE Standard 
1149.1-1990. Test instructions, test data, and test control signals all are passed along this serial-test bus. The 
TAP controller monitors two signals from the test bus, TCK and TMS. The TAP controller extracts the 
synchronization (TCK) and state control (TMS) signals from the test bus and generates the appropriate on-chip 
control signals for the test structures in the device. Figure 1 shows the TAP-controller state diagram. 

The TAP controller is fully synchronous to the TCK signal. Input data is captured on the rising edge of TCK, and 
output data changes on the falling edge of TCK. This scheme ensures that data to be captured is valid for fully 
one-half of the TCK cycle. 

The functional block diagram shows the IEEE Standard 1149.1-1990 4-wire test bus and boundary-scan 
architecture and the relationship among the test bus, the TAP controller, and the test registers. As shown, the 
device contains an 8-bit instruction register and three test-data registers: an 18-bit boundary-scan register, a 
2-bit boundary-control register, and a 1-bit bypass register. 



TMS = H 



TMS = L 




Test-Logic-Reset >4 



> 



TMS = L 



Run-Test/Idle 



>TMS = H y 



Setect-DR-Scan 



> 



TMS = H 



Select-IR-Scan 



TMS = L 



Capture-DR 




> 



TMS = H TMS = H 



TMS = L 



Shlft-DR 



> 



TMS = H 



Exlt1-DR 




> 



TMS = L 



Pause-DR 



> 



TMS = H 



Exlt2-DR 



TMS = L 



< 



> 



TMS = H 



TMS = L 



Capture-IR 



< 



TMS = L 



Shlft-IR 



TMS = H 




TMS = H 



Exltl-IR 



< 



TMS = L 



Pause-IR 



TMS = L 



< 



TMS = H 




Exit2-IR 



TMS = H 



Update-DR 



TMS = H 



> 



< 



TMS = H 



Update-IR 



TMS r L 



TMS = H 



TMS = L 



Figure 1. TAP-Controller State Diagram 
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state diagram description 

The TAP controller is a synchronous finite state machine that provides test control signals throughout the device. 
The state diagram shown in Figure 1 is in accordance with IEEE Standard 1149.1-1990. The TAP controller 
proceeds through its states based on the level of TMS at the rising edge of TCK. 

As shown, the TAP controller consists of 1 6 states. There are six stable states (indicated by a looping arrow in 
the state diagram) and ten unstable states. A stable state is a state the TAP controller can retain for consecutive 
TCK cycles. Any state that does not meet this criterion is an unstable state. 

There are two main paths through the state diagram: one to access and control the selected data register and 
one to access and control the instruction register. Only one register can be accessed at a time. 

Test-Logic-Reset 

The device powers up in the Test-Logic-Reset state. In the stable Test-Logic-Reset state, the test logic is reset 
and is disabled so that the normal logic function of the device is performed. The instruction register is reset to 
an opcode that selects the optional IDCODE instruction, if supported, or the BYPASS instruction. Certain data 
registers also can be reset to their power-up values. 

The state machine is constructed such that the TAP controller returns to the Test-Logic-Reset state in no more 
than five TCK cycles if TMS is left high. The TMS pin has an internal pullup resistor that forces it high if left 
unconnected or if a board defect causes it to be open circuited. 

For the 'BCT8244A, the instruction register is reset to the binary value 11111111 , which selects the BYPASS 
instruction. The boundary-control register is reset to the binary value 1 0, which selects the PSA test operation. 

Run-Test/ Idle 

The TAP controller must pass through the Run-Test/Idle state (from Test-Logic-Reset) before executing any test 
operations. The Run-Test/Idle state also can be entered following data-register or instruction-register scans. 
Run-Test/Idle is a stable state in which the test logic may be actively running a test or may be idle. 

The test operations selected by the boundary-control register are performed while the TAP controller is in the 
Run-Test/Idle state. 

Seiect-DR-Scan, Select-IR-Scan 

No specific function is performed in the Select-DR-Scan and Select-IR-Scan states, and the TAP controller exits 
either of these states on the next TCK cycle. These states allow the selection of either data-register scan or 
instruction-register scan. 

Capture-DR 

When a data-register scan is selected, the TAP controller must pass through the Capture-DR state. In the 
Capture-DR state, the selected data register may capture a data value as specified by the current instruction. 
Such capture operations occur on the rising edge of TCK, upon which the TAP controller exits the 
Capture-DR state. 

Shift-DR 

Upon entry to the Shift-DR state, the data register is placed in the scan path between TDI and TDO and, on the 
first falling edge of TCK, TDO goes from the high-impedance state to an active state. TDO enables to the logic 
level present in the least-significant bit of the selected data register. 

While in the stable Shift-DR state, data is serially shifted through the selected data register on each TCK cycle. 
The first shift occurs on the first rising edge of TCK after entry to the Shift-DR state (i.e., no shifting occurs during 
the TCK cycle in which the TAP controller changes from Capture-DR to Shift-DR or from Exit2-DR to Shift-DR). 
The last shift occurs on the rising edge of TCK, upon which the TAP controller exits the Shift-DR state. 
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Exitl-DR, Exit2-DR 

The Exit1-DR and Exit2-DR states are temporary states that end a data-register scan. It is possible to return 
to the Shift-DR state from either Exit1-DR or Exit2-DR without recapturing the data register. 

On the first falling edge of TCK after entry to Exit1-DR, TDO goes from the active state to the 
high-impedance state. 

Pause-DR 

No specific function is performed in the stable Pause-DR state, in which the TAP controller can remain 
indefinitely. The Pause-DR state suspends and resumes data-register scan operations without loss of data. 

Update-DR 

If the current instruction calls for the selected data register to be updated with current data, then such update 
occurs on the falling edge of TCK, following entry to the Update-DR state. 

Capture-IR 

When an instruction-register scan is selected, the TAP controller must pass through the Capture-IR state. In 
the Capture-IR state, the instruction register captures its current status value. This capture operation occurs 
on the rising edge of TCK, upon which the TAP controller exits the Capture-IR state. 

For the 'BCT8244A, the status value loaded in the Capture-IR state is the fixed binary value 10000001 . 

Shift-IR 

Upon entry to the Shift-IR state, the instruction register is placed in the scan path between TDI and TDO and, 
on the first falling edge of TCK, TDO goes from the high-impedance state to an active state. TDO enables to 
the logic level present in the least-significant bit of the instruction register. 

While in the stable Shift-IR state, instruction data is serially shifted through the instruction register on each TCK 
cycle. The first shift occurs on the first rising edge of TCK after entry to the Shift-IR state (i.e., no shifting occurs 
during the TCK cycle in which the TAP controller changes from Capture-IR to Shift-IR or from Exit2-IR to 
Shift-IR). The last shift occurs on the rising edge of TCK, upon which the TAP controller exits the Shift-IR state. 

ExitMR, Exit2-IR 

The Exit1-IR and Exit2-IR states are temporary states that end an instruction-register scan. It is possible to 
return to the Shift-IR state from either Exit1-IR or Exit2-IR without recapturing the instruction register. 

On the first falling edge of TCK after entry to Exit1-IR, TDO goes from the active state to the 
high-impedance state. 

Pause-IR 

No specific function is performed in the stable Pause-IR state, in which the TAP controller can remain 
indefinitely. The Pause-IR state suspends and resumes instruction-register scan operations without loss of 
data. 

Update-IR 

The current instruction is updated and takes effect on the falling edge of TCK, following entry to the 
Update-IR state. 
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register overview 

With the exception of the bypass register, any test register may be thought of as a serial-shift register with a 
shadow latch on each bit. The bypass register differs in that it contains only a shift register. During the 
appropriate capture state (Capture-IR for instruction register, Capture-DR for data registers), the shift register 
may be parallel loaded from a source specified by the current instruction. During the appropriate shift state 
(Shift-IR or Shift-DR), the contents of the shift register are shifted out from TDO while new contents are shifted 
in at TDI. During the appropriate update state (Update-IR or Update-DR), the shadow latches are updated from 
the shift register. 

instruction register description 

The instruction register (IR) is eight bits long and tells the device what instruction is to be executed. Information 
contained in the instruction includes the mode of operation (either normal mode, in which the device performs 
its normal logic function, or test mode, in which the normal logic function is inhibited or altered), the test operation 
to be performed, which of the three data registers is to be selected for inclusion in the scan path during 
data-register scans, and the source of data to be captured into the selected data register during Capture-DR. 

Table 2 lists the instructions supported by the 'BCT8244A. The even-parity feature specified for SCOPE™ 
devices is not supported in this device. Bit 7 of the instruction opcode is a don't-care bit. Any instructions that 
are defined for SCOPIE™ devices but are not supported by this device default to BYPASS. 

During Capture-IR, the IR captures the binary value 1 0000001 . As an instruction is shifted in, this value is shifted 
out via TDO and can be inspected as verification that the I R is in the scan path. During Update-IR, the value 
that has been shifted into the IR is loaded into shadow latches. At this time, the current instruction is updated 
and any specified mode change takes effect. At power up or in the Test-Logic-Reset state, the IR is reset to the 
binary value 11111111 , which selects the BYPASS instruction. The IR order of scan is shown in Figure 2. 
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Don't 


— ► 
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Bit 3 


— * 


Bit 2 


— * 


Bit 1 


— ► 




Care 





























Figure 2. Instruction Register Order of Scan 



data register description 
boundary-scan register 

The boundary-scan register (BSR) is 18 bits long. It contains one boundary-scan cell (BSC) for each 
normal-function input pin and one BSC for each normal-function output pin. The BSR is used 1 ) to store test 
data that is to be applied internally to the inputs of the normal on-chip logic and/or externally to the device output 
terminals, and/or 2) to capture data that appears internally at the outputs of the normal on-chip logic and/or 
externally at the device input terminals. 

The source of data to be captured into the BSR during Capture-DR is determined by the current instruction. The 
contents of the BSR may change during Run-Test/Idle as determined by the current instruction. The contents 
of the BSR are not changed in Test-Logic-Reset. 

The BSR order of scan is from TDI through bits 17-0 to TDO. Table 1 shows the BSR bits and their associated 
device pin signals. 
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Table 1. Boundary-Scan Register Configuration 



BSR BIT 


DEVICE 


BSR BIT 


DEVICE 


BSR BIT 


DEVICE 


NIIMRPR 


SIGNAL 


NIIMRPR 


SIGNAL 


NIIMRPR 
numDcn 


SIGNAL 


17 


10E 


15 


1A1 


7 


1Y1 


16 


20E 


14 


1A2 


6 


1Y2 






13 


1A3 


5 


1Y3 






12 


1A4 


4 


1Y4 






11 


2A1 


3 


2Y1 






10 


2A2 


2 


2Y2 






9 


2A3 


1 ■ 


2Y3 






8 


2A4 


0 


2Y4 



boundary-control register 

The boundary-control register (BCR) is two bits long. The BCR is used in the context of the RUNT instruction 
to implement additional test operations not included in the basic SCOPE™ instruction set. Such operations 
include PRPG and PSA. Table 3 shows the test operations that are decoded by the BCR. 

During Capture-DR, the contents of the BCR are not changed. At power up or in Test-Logic-Reset, the BCR is 
reset to the binary value 1 0, which selects the PSA test operation. The BCR order of scan is shown in Figure 3. 



TDI 





Bit 1 




BltO 




► 


(MSB) 


► 


(LSB) 


► 



-► TDO 



Figure 3. Boundary-Control Register Order of Scan 



bypass register 



The bypass register is a 1-bit scan path that can be selected to shorten the length of the system scan path, 
thereby reducing the number of bits per test pattern that must be applied to complete a test operation. 

During Capture-DR, the bypass register captures a logic 0. The bypass register order of scan is shown in 
Figure 4. 




> TDO 



Figure 4. Bypass Register Order of Scan 
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instruction-register opcode description 

The instruction-register opcodes are shown in Table 2. The following descriptions detail the operation of 
each instruction. 



Table 2. Instruction-Register Opcodes 



BINARY CODEt 
BIT 7 -» BIT 0 
MSB -» LSB 


SCOPE OPCODE 


DESCRIPTION 


CCI CPTCH RATA 
OCLCU 1 cU DATA 

REGISTER 


MODE 


xooooooo 


EXTEST/INTEST 


Boundary scan 


Boundary scan 


Test 


X0000001 


BYPASS* 


Bypass scan 


Bypass 


Normal 


X0000010 


SAMPLE/PRELOAD 


Sample boundary 


Boundary scan 


Normal 


X0000011 


INTEST/EXTEST 


Boundary scan 


Boundary scan 


Test 


XUUUU1UU 


□VDACCt 


Bypass scan 


Bypass 


Normal 


X0000101 


BYPASS* 


Bypass scan 


Bypass 


Normal 


X0000110 


HIGHZ (TRIBYP) 


Control boundary to high impedance 


Bypass 


Modified test 


X0000111 


CLAMP (SETBYP) 


Control boundary to 1/0 


Bypass 


Test 


X0001000 


BYPASS* 


Bypass scan 


Bypass 


Normal 


X0001001 


RUNT 


Boundary run test 


Bypass 


Test 


X0001010 


READBN 


Boundary read 


Boundary scan 


Normal 


X0001011 


READBT 


Boundary read 


Boundary scan 


Test 


X0001100 


CELLTST 


Boundary self test 


Boundary scan 


Normal 


X0001101 


TOPHIP 


Boundary toggle outputs 


Bypass 


Test 


X0001110 


SCANCN 


Boundary-control register scan 


Boundary control 


Normal 


X0001111 


SCANCT 


Boundary-control register scan 


Boundary control 


Test 


All others 


BYPASS 


Bypass scan 


Bypass 


Normal 



t Bit 7 is a don't-care bit; X - don't care. 

* The BYPASS instruction is executed in lieu of a SCOPE™ instruction that is not supported in the 'BCT8244A. 

boundary scan 



This instruction conforms to the IEEE Standard 1149.1-1990 EXTEST and INTEST instructions. The BSR is 
selected in the scan path. Data appearing at the device input terminals is captured in the input BSCs, while data 
appearing at the outputs of the normal on-chip logic is captured in the output BSCs. Daia that has been scanned 
into the input BSCs is applied to the inputs of the normal on-chip logic, while data that has been scanned into 
the output BSCs is applied to the device output terminals. The device operates in the test mode. 

bypass scan 

This instruction conforms to the IEEE Standard 1149.1-1990 BYPASS instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. The device 
operates in the normal mode. 

sample boundary 

This instruction conforms to the IEEE Standard 1149.1-1990 SAMPLE/PRELOAD instruction. The BSR is 
selected in the scan path. Data appearing at the device input terminals is captured in the input BSCs, while data 
appearing at the outputs of the normal on-chip logic is captured in the output BSCs. The device operates in the 
normal mode. 
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control boundary to high impedance 

This instruction conforms to the IEEE Standard 11 49.1 a-1 993 HIGHZ instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. The device 
operates in a modified test mode in which all device output terminals are placed in the high-impedance state, 
the device input terminals remain operational, and the normal on-chip logic function is performed. 

control boundary to 1/0 

This instruction conforms to the IEEE Standard 1149.1a-1993 CLAMP instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. Data in the input 
BSCs is applied to the inputs of the normal on-chip logic, while data in the output BSCs is applied to the device 
output terminals. The device operates in the test mode. 

boundary run test 

The bypass register is selected in the scan path. A logic 0 value is captured in the bypass register during 
Capture-DR. The device operates in the test mode. The test operation specified in the BCR is executed during 
Run-Test/ldle. The four test operations decoded by the BCR are: sample inputs/toggle outputs (TOPSIP), 
PRPG, PSA, and simultaneous PSA and PRPG (PSA/PRPG). 

boundary read 

The BSR is selected in the scan path. The value in the BSR remains unchanged during Capture-DR. This 
instruction is useful for inspecting data after a PSA operation. 

boundary self test 

The BSR is selected in the scan path. All BSCs capture the inverse of their current values during Capture-DR. 
In this way, the contents of the shadow latches may be read out to verify the integrity of both shift-register and 
shadow-latch elements of the BSR. The device operates in the normal mode. 

boundary toggle outputs 

The bypass register is selected in the scan path. A logic 0 value is captured in the bypass register during 
Capture-DR. Data in the shift register elements of the selected output BSCs is toggled on each rising edge of 
TCK in Run-Test/Idle and is then updated in the shadow latches and applied to the associated device output 
terminals on each falling edge of TCK in Run-Test/ldle. Data in the selected input BSCs remains constant and 
is applied to the inputs of the normal on-chip logic. Data appearing at the device input terminals is not captured 
in the input BSCs. The device operates in the test mode. 

boundary-control-register scan 

The BCR is selected in the scan path. The value in the BCR remains unchanged during Capture-DR. This 
operation must be performed before a boundary-run test operation to specify which test operation is to 
be executed. 
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boundary-control register opcode description 

The BCR opcodes are decoded from BCR bits 1-0, as shown in Table 3. The selected test operation is 
performed while the RUNT instruction is executed in the Run-Test/Idle state. The following descriptions detail 
the operation of each BCR instruction and show the associated PSA and PRPG algorithms. 

Table 3. Boundary-Control Register Opcodes 



BINARY CODE 
BIT 1 -» BIT 0 
MSB -> LSB 


DESCRIPTION 


00 


Sample inputs/toggle outputs (TOPSIP) 


01 


Pseudo-random pattern generation/ 16-bit mode (PRPG) 


10 


Parallel-signature analysis/1 6-bit mode (PSA) 


11 


Simultaneous PSA and PRPG/8-bit mode (PSA/PRPG) 



It should be noted, in general, that while the control input BSCs (bits 17-16) are not included in the sample, 
toggle, PSA, or PRPG algorithms, the output-enable BSCs (bits 17-16 of the BSR) do control the drive state 
(active or high impedance) of the selected device output terminals. 

sample inputs/toggle outputs (TOPSIP) 

Data appearing at the device input terminals is captured in the shift-register elements of the input BSCs on each 
rising edge of TCK. This data is then updated in the shadow latches of the input BSCs and applied to the inputs 
of the normal on-chip logic. Data in the shift register elements of the output BSCs is toggled on each rising edge 
of TCK, updated in the shadow latches, and applied to the device output terminals on each falling edge of TCK. 

pseudo-random pattern generation (PRPG) 

A pseudo-random pattern is generated in the shift-register elements of the BSCs on each rising edge of TCK 
and then updated in the shadow latches and applied to the device output terminals on each falling edge of TCK. 
This data also is updated in the shadow latches of the input BSCs and applied to the inputs of the normal on-chip 
logic. Figure 5 shows the 16-bit linear-feedback shift-register algorithm through which the patterns are 
generated. An initial seed value should be scanned into the BSR before performing this operation. A seed value 
of all zeroes will not produce additional patterns. 




Figure 5. 16-Bit PRPG Configuration 
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parallel-signature analysis (PSA) 

Data appearing at the device input terminals is compressed into a 1 6-bit parallel signature in the shift-register 
elements of the BSCs on each rising edge of TCK. This data is then updated in the shadow latches of the input 
BSCs and applied to the inputs of the normal on-chip logic. Data in the shadow latches of the output BSCs 
remains constant and is applied to the device outputs. Figure 6 shows the 16-bit linear-feedback shift-register 
algorithm through which the signature is generated. An initial seed value should be scanned into the BSR before 
performing this operation. 
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Figure 6. 16-Bit PSA Configuration 



simultaneous PSA and PRPG (PSA/PRPG) 

Data appearing at the device input terminals is compressed into an 8-bit parallel signature in the shift-register 
elements of the input BSCs on each rising edge of TCK. This data is then updated in the shadow latches of the 
input BSCs and applied to the inputs of the normal on-chip logic. At the same time, an 8-bit pseudo-random 
pattern is generated in the shift-register elements of the output BSCs on each rising edge of TCK, updated in 
the shadow latches, and applied to the device output terminals on each falling edge of TCK. Figure 7 shows 
the 8-bit linear-feedback shift-register algorithm through which the signature and patterns are generated. An 
initial seed value should be scanned into the BSR before performing this operation. A seed value of all zeroes 
will not produce additional patterns. 
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Figure 7. 8-Bit PSA/PRPG Configuration 
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timing description 

All test operations of the 'BCT8244A are synchronous to TCK. Data on the TDI, TMS, and normal-function inputs 
is captured on the rising edge of TCK. Data appears on the TDO and normal-function output terminals on the 
falling edge of TCK. The TAP controller is advanced through its states (as shown in Figure 1 ) by changing the 
value of TMS on the falling edge of TCK and then applying a rising edge to TCK. 

A simple timing example is shown in Figure 8. In this example, the TAP controller begins in the Test-Logic-Reset 
state and is advanced through its states, as necessary, to perform one instruction-register scan and one 
data-register scan. While in the Shift-IR and Shift-DR states, TDI is used to input serial data and TDO is used 
to output serial data. The TAP controller is then returned to the Test-Logic-Reset state. Table 4 details the 
operation of the test circuitry during each TCK cycle. 



Table 4. Explanation of Timing Example 



TCK 
CYCLE(S) 


TAP STATE 
AFTER TCK 


DESCRIPTION 


1 


Test-Logic-Reset 


TMS is changed to a logic 0 value on the falling edge of TCK to begin advancing the TAP controller toward 
the desired state. 


2 


Run-Test/ldle 




3 


Select-DR-Scan 




4 


Select-IR-Scan 




5 


Capture-IR 


The IR captures the 8-bit binary value 10000001 on the rising edge of TCK as the TAP controller exits the 
Capture-IR state. 


6 


Shift-IR 


TDO becomes active and TDI is made valid on the falling edge of TCK. The first bit is shifted into the TAP 
on the rising edge of TCK as the TAP controller advances to the next state. 


7-13 


Shift-IR 


One bit is shifted into the IR on each TCK rising edge. With TDI held at a logic 1 value, the 8-bit binary value 
1 1 1 1 1 1 1 1 is serially scanned into the I R. At the same time, the 8-bit binary value 1 0000001 is serially scanned 
out of the IR via TDO. In TCK cycle 13, TMS is changed to a logic 1 value to end the IR scan on the next 
TCK cycle. The last bit of the instruction is shifted as the TAP controller advances from Shift-IR to Exit1-IR. 


14 


ExitMR 


TDO becomes inactive (goes to the high-impedance state) on the falling edge of TCK. 


15 


Update-IR 


The IR is updated with the new instruction (BYPASS) on the falling edge of TCK. 


16 


Select-DR-Scan 




17 


Capture-DR 


The bypass register captures a logic 0 value on the rising edge of TCK as the TAP controller exits the 
Capture-DR state. 


18 


Shift-DR 


TDO becomes active and TDI is made valid on the falling edge of TCK. The first bit is shifted into the TAP 
on the rising edge of TCK as the TAP controller advances to the next state. 


19-20 


Shift-DR 


The binary value 1 01 is shifted in via TDI, while the binary value 01 0 is shifted out via TDO. 


21 


Exit1-DR 


TDO becomes inactive (goes to the high-impedance state) on the falling edge of TCK. 


22 


Update-DR 


In general, the selected data register is updated with the new data on the falling edge of TCK. 


23 


Select-DR-Scan 




24 


Select-IR-Scan 




25 


Test-Logic-Reset 


Test operation completed 
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Figure 8. Timing Example 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, Vcc -0-5 V to 7 V 

Input voltage range, V|: except TMS (see Note 1) -0.5 V to 7 V 

TMS (see Note 1) -0.5 V to 12 V 

Voltage range applied to any output in the disabled or power-off state -0.5 V to 5.5 V 

Voltage range applied to any output in the high state -0.5 V to Vcc 

Input clamp current, I|k -30 mA 

Current into any output in the low state: SN54BCT8244A (TDO) 40 mA 

SN54BCT8244A (any Y) 96 mA 

SN74BCT8244A (TDO) 48 mA 

SN74BCT8244A (any Y) 128 mA 

Maximum power dissipation at Ta = 55°C (in still air) (see Note 2): DW package 1 .7 W 

NT package 1.3 W 

Storage temperature range, T s t g -65°C to 1 50°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 
NOTES: 1 . The input voltage rating may be exceeded if the input clamp-current rating is observed. 

2. The maximum package power dissipation is calculated using a junction temperature of 1 50°C and a board trace length of 750 mils, 
except for the NT package, which has a trace length of zero. For more information, refer to the Package Thermal Considerations 
application note in the ABT Advanced BiCMOS Technology Data Book, literature number SCBD002. 
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recommended operating conditions 









SN54BCT8244A 


SN74BCT8244A 


UNIT 








MIN NOM 


MAX 


MIN 


NOM MAX 


vcc 


Supply voltage 




4.5 5 


5.5 


4.5 


5 5.5 


V 


V|H 


High-level input voltage 




2 


2 


V 


V|HH 


Double-high-level input voltage 


TMS 


10 


12 


10 


12 


V 


V|L 


Low-level input voltage 




0.8 


0.8 


V 


"IK 


Input clamp current 




-18 


-18 


mA 


'OH 


High-level output current 


TDO 


-3 


-3 


mA 


Any Y 


-12 


-15 


"OL 


Low-level output current 


TDO 


20 


24 


mA 


AnyY 


48 


64 


TA 


Operating free-air temperature 




-55 


125 


0 


70 


°C 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


SN54BCT8244A 


SN74BCT8244A 


UNIT 


MIN 


TYPt 


MAX 


MIN 


TYPt 


MAX 


V|K 


Vcc - 4 -5 V, 


l|--18mA 




-1.2 


-1.2 


V 






VCC = 4-75 V, 


lOH =-3mA 




2.7 


3.4 




2.7 


3.4 








AnyY 




'OH = -3 mA 


2.4 


3.4 




2.4 


3.4 








VCC = 4.5 V 


IOH = -12mA 


2 


3.2 








VOH 






Iqh = -15 mA 




2 


3.1 




V 






Vcc = 4J 5 V, 


Iqh = -1 mA 




2.7 


3.4 




2.7 


3.4 








TDO 


V C C = 4-5 V 


lOH = -1 mA 


2.5 


3.4 




2.5 


3.4 










lOH = -3 mA 


2.4 


3.3 




2.4 


3.3 








AnyY 


V C C = 4.5 V 


lOL = 48 mA 




0.38 


0.55 






vol 


lOL = 64 mA 






0.42 


0.55 


V 


TDO 


Vcc = 4-5 V 


lOL = 20 mA 




0.3 


0.5 






lOL " 24 mA 






0.35 


0.5 




ii 


V C C = 5.5 V, 


V| = 5.5 V 




0.1 


0.1 


mA 


l|H 


V C C = 5.5 V, 


V| = 2.7 V 




-1 


-35 


-100 


-1 


-35 


-100 


HA 


l|HH 


TMS 


V C C = 5.5 V, 


V| = 10V 




1 


1 


mA 


IlL 


V C C = 5.5 V, 


V| = 0.5 V 




-30 


-70 


-200 


-30 


-70 


-200 


HA 


lOZH 


AnyY 


V C C = 5.5 V, 


Vo = 2.7 V 




50 


50 


\iA 


TDO 




-1 


-35 


-100 


-1 


-35 


-100 


>OZL 


AnyY 


V C C = 5.5 V, 


Vq = 0.5 V 




-50 


-50 


jiA 


TDO 




-30 


-70 


-200 


-30 


-70 


-200 


'OZPU 


Vcc = 0 to 2 V, 


Vo = 0.5 V or 2.7 V 


+250 


±250 


HA 


'OZPD 


V C c = 2Vto 0, 


Vq = 0.5 V or 2.7 V 


±250 


±250 


(iA 


'off 


v C c = o, 


V| orVo<4.5V 




±250 


±250 


HA 


ios* 


V C C = 5.5 V, 


v 0 = o 




-100 




-225 


-100 




-225 


mA 










Outputs high 




3.5 


7.5 




3.5 


7.5 




>CC 




V C C = 5.5 V, 


Outputs open 


Outputs low 




35 


52 




35 


52 


mA 










Outputs disabled 




1.5 


3.5 




1.5 


3.5 




Cj 


Vcc- 5 V, 


V| = 2.5 V or 0.5 V 


10 


10 


pF 


Co 


V C C = 5V, 


Vq = 2.5 V or 0.5 V 


18 


18 


PF 



t All typical values are at Vcc = 5 V, Ta = 25°C. 

t Not more than one output should be shorted at a time, and the duration of the short circuit should not exceed one second. 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (test mode) (see Figure 9) 





Vcc = 5 V, 
Ta = 25°C 


SN54BCT8244A 


SN74BCT8244A 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


'clock Clock frequency 


TCK 


0 20 


0 20 


0 20 


MHz 


t w Pulse duration 


TCK high or low 


25 


25 


25 


ns 


TMS double high 


50* 


50* 


50 


t su Setup time 


Any A before TCKt 


6 


6 


6 


ns 


Any OE before TCKT 


6 


6 


6 


TDI before TCKt 


6 


6 


6 


TMS before TCKt 


12 


12 


12 


t n Hold time 


Any A after TCKt 


4.5 


4.5 


4.5 


ns 


Any OE after TCKT 


4.5 


4.5 


4.5 


TDI after TCKt 


4.5 


4.5 


4.5 


TMS after TCKT 


0 


0 


0 


td Delay time 


Power up to TCKt 


100* 


100* 


100 


ns 



* On products compliant to MIL-PRF-38535, this parameter is not production tested. 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (normal mode) (see Figure 9) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


Vcc = 5 V, 
T A = 25°C 


SN54BCT8244A 


SN74BCT8244A 


UNIT 




MIN 


TYP 


MAX 


MIN 


MAX 


MIN 


MAX 




tPLH 


A 


Y 


2 


5.4 


7 


2 


9 


2 


8.5 


ns 


tPHL 


2 


5.2 


7 


2 


9 


2 


8.5 


tPZH 


OE 


Y 


3 


6 


8 


3 


10 


3 


9.5 


ns 


tpZL 


3.5 


7 


9 


3.5 


12 


3.5 


11 


tPHZ 


OE 


Y 


2.5 


6 


8 


2.5 


10 


2.5 


9 


ns 


tPLZ 


2.5 


5.5 


8 


2.5 


10 


2.5 


9 


switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (test mode) (see Figure 9) 


PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V C C = 5 V, 
Ta = 25°C 


SN54BCT8244A 


SN74BCT8244A 


UNIT 




MIN 


TYP 


MAX 


MIN 


MAX 


MIN 


MAX 




fmax 


TCK 




20 


20 


20 


MHz 


tPLH 


TCK4- 


Y 


6 


13 


15.5 


6 


21.5 


6 


20 


ns 


tPHL 


6 


12.5 


15.5 


6 21.5 


6 20 


tPLH 


TCKi 


TDO 


3.5 


7.6 


10.5 


3.5 


14 


3.5 


13 


ns 


tPHL 


3.5 


8 


10.5 


3.5 


13 


3.5 


12 


tPLH 


TCKT 


Y 


7.5 


16.5 


20 


7.5 


28 


7.5 


24 


ns 


tPHL 


7.5 


17 


21 


7.5 


29 


7.5 


25 


IPZH 


TCKl 


Y 


6.5 


14 


17 


6.5 


24 


6.5 


21 


ns 


tpZL 


7 


15 


20 


7 


26 


7 


23 


tPZH 


TCK1 


TDO 


3.5 


7.6 


10.5 


3.5 


11.5 


3.5 


11 


ns 


IPZL 


4 


8.5 


11 


4 


13.5 


4 


12.5 


tpZH 


TCKT 


Y 


8 


18 


22 


8 


30 


8 27 


ns 


IPZL 


8 


19 


25 


8 


32 


8 


29 


tPHZ 


TCKJ, 


Y 


6 


14 


18 


6 


24 


6 22 


ns 


tPLZ 


6 


14 


17 


6 23 


6 


21 


tPHZ 


TCKJ, 


TDO 


3 


8 


11.5 


3 


13 


3 


12.5. 


ns 


tPLZ 


3 


7.5 


10 


3 


13 


3 


12 


tPHZ 


TCKt 


Y 


8 


18.5 


22 


8 


31 


8 


27 


ns 


tPLZ 


8 


18.5 


22 


8 


31 


8 27 
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7V(t PZL , tpLZ. O.C.) 

S1 



PARAMETER MEASUREMENT INFORMATION 



Open 

' (all others) 



R1 



From Output 

Under Test 

(see Note A) 



Test 
Point 



R2 



R|_ = R1 = R2 



From Output 

Under Test 

CL 4r 
(see Note A) 



Test 
Point 



R1 



LOAD CIRCUIT FOR 
3-STATE AND OPEN-COLLECTOR OUTPUTS 



Timing Input 



1.5 V 
-frH * 



Data Input 



th 



1.5 V 



3V 
OV 
3V 
0V 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



Input 



In-Phase 
Output 



^1.5 V ^1.5 V 

I 

/ 



3V 



I | ov 
rt — W- tpHL 

Vqh 



Out-of-Phase 
Output 



tpHL~|* W 



1.5V j \l.5> 



-fcl— tDI U 



vol 



"\ ^1.5V 



VOH 

1.5 V 

- vol 



VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES (see Note D) 



LOAD CIRCUIT FOR 
TOTEM-POLE OUTPUTS 



Hlgh-Level 
Pulse 



Low-Level 
Pulse 



k 3 V 

1.5 V 

I I s ov 

*w — H 



1.5 V 



3 V 

1.5 V 

OV 



VOLTAGE WAVEFORMS 
PULSE DURATION 



Output 
Control 
(low-level enable) 



Waveform 1 
(see Note B) 



\l.5V /1.5V 
|\— 4< C\ 



-H k-tpLZ 

I I 



tpZL~*| f- 

-L I I 

|\l-5V iJ^jfZ 

I A C(, I 71 



3V 
OV 

3.5 V 



tpZH -H w- 



VOL 

0.3 V 



Waveform 2 
(see Note B) 




VOH 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES, 3-STATE OUTPUTS 



NOTES: A. C|_ includes probe and jig capacitance. 

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

C. All input pulses are supplied by generators having the following characteristics: PRR < 1 0 MHz, t r = tf £ 2.5 ns, duty cycle = 50%. 

D. The outputs are measured one at a time with one transition per measurement. 

E. When measuring propagation delay times of 3-state outputs, switch S1 is open. 



Figure 9. Load Circuits and Voltage Waveforms 
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Members of the Texas Instruments 
SCOPE™ Family of Testability Products 
Octal Test-Integrated Circuits 
Functionally Equivalent to 'F245 and 
'BCT245 In the Normal-Function Mode 

Compatible With the IEEE Standard 
1149.1-1990 (JTAG) Test Access Port and 
Boundary-Scan Architecture 

Test Operation Synchronous to Test 
Access Port (TAP) 

Implement Optional Test Reset Signal by 
Recognizing a Double-High-Level Voltage 
(10V)onTMS Pin 
SCOPE™ Instruction Set 

- IEEE Standard 1149.1-1990 Required 
Instructions, Optional INTEST, CLAMP, 
and HIGHZ 

- Parallel-Signature Analysis at inputs 

- Pseudo-Random Pattern Generation 
From Outputs 

- Sample Inputs/Toggle Outputs 
Package Options Include Plastic 
Small-Outline (DW) Packages, Ceramic 
Chip Carriers (FK), and Standard Plastic 
and Ceramic 300-mil DIPs (JT, NT) 



description 



SN54BCT8245A . . . JT PACKAGE 
SN74BCT8245A ... DW OR NT PACKAGE 
(TOP VIEW) 




SN54BCT8245A . . . FK PACKAGE 
(TOP VIEW) 

co tj- in O o <o r- 
< < < z ^< < 



L-JULJL-]I_IL-ILJ 



A2 ] 5 
A1 ] 6 
OE]7 
NC ] 8 
DIR ] 9 
B1 ] 10 
B2 ] 11 



4 3 2 1 28 27 26 



12 13 14 15 16 17 18 
i-ir-imi-ii-ii-ii-i 



25[ 
24[ 
23[ 
22 [ 
21 C 
20[ 
19[ 



A8 
TDI 
TCK 
NC 
TMS 
TDO 
B8 



B t.Q o "> <o s 
[D CD 2 Z HI CD 21 

o 



NC - No internal connection 



The 'BCT8245A scan test devices with octal bus 
transceivers are members of the Texas 
Instruments SCOPE™ testability integrated- 
circuit f am ily. This f am ily of devices suppo rts I EEE 
Standard 1 1 49. 1 -1 990 boundary scan to facilitate 
testing of complex circuit-board assemblies. Scan 
access to the test circuitry is accomplished via the 
4-wire test access port (TAP) interface. 

In the normal mode, these devices are functionally equivalent to the 'F245 and 'BCT245 octal bus transceivers. 
The test circuitry can be activated by the TAP to take snapshot samples of the data appearing at the device 
terminals or to perform a self test on the boundary-test cells. Activating the TAP in normal mode does not affect 
the functional operation of the SCOPE™ octal bus transceivers. 

In the test mode, the normal operation of the SCOPE™ octal bus transceivers is inhibited and the test circuitry 
is enabled to observe and control the I/O boundary of the device. When enabled, the test circuitry can perform 
boundary-scan test operations as described in IEEE Standard 1149.1-1990. 



SCOPE is a trademark of Texas Instruments Incorporated. 



PRODUCTION DATA Information is current as of publication data. 
Products conform to spMlficaUons per th« terms of Texas Instruments 
standard warranty. Production processing does not necessarily Include 
testing of all parameters. 
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description (continued) 

Four dedicated test terminals control the operation of the test circuitry: test data input (TDI), test data output 
(TDO), test mode select (TMS), and test clock (TCK). Additionally, the test circuitry performs other testing 
functions such as parallel-signature analysis (PSA) on data inputs and pseudo-random pattern generation 
(PRPG) from data outputs. All testing and scan operations are synchronized to the TAP interface. 

The SN54BCT8245A is characterized for operation over the full military temperature range of -55°C to 1 25°C. 
The SN74BCT8245A is characterized for operation from 0°C to 70°C. 



FUNCTION TABLE 
(normal mode) 



INPUTS 


OPERATION 


OE DIR 


L L 
L H 
H X 


B data to A bus 
A data to B bus 
Isolation 



logic symbolt 



TDO 



A1 



A2 
A3 
A4 
A5 
A6 
A7 
A8 



TDI 
TMS 
TCK 

OE 
DIR 



14 



12 


13 












24 


N 


1 





<D 
SCAN 
'BCT8245A 



TDI 
TMS 

> TCK-IN 

> TCK-OUT 



G3 

3 EN1 [BA] 
3 EN2 [AB] 



TDO 



22 
21 



20 
19 



17 
16 



15 



-4->- 



V 1 



2 V 



— <n 








3 


— *+— 


4 


— «+— 


5 


— 


7 


— 


8 


— «+— 


9 


— o— 
— «-»— 


10 



B1 

B2 
B3 
B4 
B5 
B6 
B7 
B8 



t This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
Pin numbers shown are for the DW, JT, and NT packages. 
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functional block diagram 

vcci 



OE 



24 



vcc 



DIR 



A1 



23 



vcc- 



4>- 



Boundary-Scan Register 



vcc 



TDI 



TMS • 



TCK 



vcc | ^ 



One of Eight Channels 



Bypass Register 



Boundary- Control 
Register 



Instruction Register 



TAP 
Controller 



-<h 



v cd 



B1 



Pin numbers shown are for the DW, JT, and NT packages. 
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Terminal Functions 


TERMINAL 
NAME 


DESCRIPTION 


A1-A8 


A-bus I/O ports. See function table for normal-mode logic. Internal pullups force these I/O ports to a high level if left 
unconnected. 


B1-B8 


R-hiiQ I/O nnrtc Spp function tahlp for normal-morip Innir* Intprnnl niilhirm forop thp^p I/O oorte to a hinh IpvpI if Ipft 

unconnected. 


DIR 


Mormal-funrTion riirpption-oontrol inntit Spp. function tahlp for nnrmfll-mnffA Ionic An intprnal millun forcp^ niR to hinh 

1 MUM II CM lUlltsMUII UHd/HUII IAJIIUUI IIIL/Ul* OCO IUIIUIIUII ICIUIO IUI 1 l\JI 1 1 ICll IIIUUO ll/yiw. mi IllldllCU )JUIIU|J IUI wCO Ulfi lu CI lll^ll 

level if left unconnected. 


GND 


Ground 


OE 


Normal-function output-enable input. See function table for normal-mode logic. An internal pullup forces OE to a high level 
if left unconnected. 


TCK 


Test clock. One of four terminals required by IEEE Standard 1149.1-1990. Test operations of the device are synchronous 
to TCK. Data is captured on the rising edge of TCK and outputs change on the falling edge of TCK. An internal pullup forces 
TCK to a high level if left unconnected. 


TDI 


Test data input. One of fourterminals required by IEEE Standard 1 149.1-1990. TDI is the serial input for shifting data through 
the instruction register or selected data register. An internal pullup forces TDI to a high level if left unconnected. 


TDO 


Test data output. One of fourterminals required by IEEE Standard 1149.1-1990. TDO is the serial output for shifting data 
through the instruction register or selected data register. An internal pullup forces TDO to a high level when it is not active 
and is not driven from an external source. 


TMS 


Test mode select. One of four terminals required by IEEE Standard 1149.1-1990. TMS directs the device through its TAP 
controller states. An internal pullup forces TMS to a high level if left unconnected. TMS also provides the optional test reset 
signal of IEEE Standard 1149.1-1990. This is implemented by recognizing a third logic level, double high (Vihh). at TMS. 


vcc 


Supply voltage 
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test architecture 



Serial-test information is conveyed by means of a 4-wire test bus, or TAP, that conforms to IEEE Standard 
1149.1-1990. Test instructions, test data, and test control signals all are passed along this serial-test bus. The 
TAP controller monitors two signals from the test bus, TCK and TMS. The TAP controller extracts the 
synchronization (TCK) and state control (TMS) signals from the test bus and generates the appropriate on-chip 
control signals for the test structures in the device. Figure 1 shows the TAP-controller state diagram. 

The TAP controller is fully synchronous to the TCK signal. Input data is captured on the rising edge of TCK, and 
output data changes on the falling edge of TCK. This scheme ensures that data to be captured is valid for fully 
one-half of the TCK cycle. 

The functional block diagram shows the IEEE Standard 1149.1-1990 4-wire test bus and boundary-scan 
architecture and the relationship among the test bus, the TAP controller, and the test registers. As shown, the 
device contains an 8-bit instruction register and three test-data registers: an 18-bit boundary-scan register, a 
2-bit boundary-control register, and a 1 -bit bypass register. 



TMS = H 



TMS = L 




Test-Logic-Reset 



> 



TMS = L 



Run-Test/ldlo 



> 



TMS = H 



< 





Select-DR-Scan 



> 



TMS = H 



< 



TMS = L 



Capture-DR 



> 



TMS = H TMS = H 



TMS = L 



Shlft-DR 



> 



TMS = H 



Exlt1-DR 



> 



TMS = L 



Pause-DR 



> 



TMS = H 



Exlt2-DR 



y 



TMS = L 



TMS = H 



Update-DR 



TMS = H 



> 



TMS = L 



< 



< 



< 



< 



TMS = L 



< 



< 



Select-IR-Scan 



> 



TMS = H 



TMS = L 



Capture-IR . 



TMS = L 



Shlft-IR 



TMS = H 




Exit1-IR 



TMS = H 



TMS = L 



Pause-IR 



TMS = H 




Exit2-IR 



TMS = H 

r 

Update-IR >4- 



TMS = H 



> 



TMS = L 



Figure 1. TAP-Controller State Diagram 
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state diagram description 

The TAP controller is a synchronous finite state machine that provides test control signals throughout the device. 
The state diagram shown in Figure 1 is in accordance with IEEE Standard 1149.1-1990. The TAP controller 
proceeds through its states based on the level of TMS at the rising edge of TCK. 

As shown, the TAP controller consists of 1 6 states. There are six stable states (indicated by a looping arrow in 
the state diagram) and ten unstable states. A stable state is a state the TAP controller can retain for consecutive 
TCK cycles. Any state that does not meet this criterion is an unstable state. 

There are two main paths through the state diagram: one to access and control the selected data register and 
one to access and control the instruction register. Only one register can be accessed at a time. 

Test-Logic-Reset 

The device powers up in the Test-Logic-Reset state. In the stable Test-Logic-Reset state, the test logic is reset 
and is disabled so that the normal logic function of the device is performed. The instruction register is reset to 
an opcode that selects the optional IDCODE instruction, if supported, or the BYPASS instruction. Certain data 
registers also can be reset to their power-up values. 

The state machine is constructed such that the TAP controller returns to the Test-Logic-Reset state in no more 
than five TCK cycles if TMS is left high. The TMS pin has an internal pullup resistor that forces it high if left 
unconnected or if a board defect causes it to be open circuited. 

For the 'BCT8245A, the instruction register is reset to the binary value 11111111, which selects the BYPASS 
instruction. The boundary-control register is reset to the binary value 1 0, which selects the PSA test operation. 

Run-Test/Idle 

The TAP controller must pass through the Run-Test/ldle state (from Test-Logic-Reset) before executing any test 
operations. The Run-Test/Idle state also can be entered following data-register or instruction-register scans. 
Run-Test/ldle is a stable state in which the test logic may be actively running a test or may be idle. 

The test operations selected by the boundary-control register are performed while the TAP controller is in the 
Run-Test/ldle state. 

Select-DR-Scan, Select-! R-Scan 

No specific function is performed in the Select-DR-Scan and Select-IR-Scan states, and the TAP controller exits 
either of these states on the next TCK cycle. These states allow the selection of either data-register scan or 
instruction-register scan. 

Capture-DR 

When a data-register scan is selected, the TAP controller must pass through the Capture-DR state. In the 
Capture-DR state, the selected-data register may capture a data value as specified by the current instruction. 
Such capture operations occur on the rising edge of TCK, upon which the TAP controller exits the Capture-DR 
state. 

Shift-DR 

Upon entry to the Shift-DR state, the data register is placed in the scan path between TDI and TDO, and on the 
first falling edge of TCK, TDO goes from the high-impedance state to an active state. TDO enables to the logic 
level present in the least-significant bit of the selected data register. 

While in the stable Shift-DR state, data is serially shifted through the selected data register on each TCK cycle. 
The first shift occurs on the first rising edge of TCK after entry to the Shift-DR state (i.e., no shifting occurs during 
the TCK cycle in which the TAP controller changes from Capture-DR to Shift-DR or from Exit2-DR to Shift-DR). 
The last shift occurs on the rising edge of TCK, upon which the TAP controller exits the Shift-DR state. 



Texas 
Instruments 

2-48 POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 



SN54BCT8245A, SN74BCT8245A 
SCAN TEST DEVICES 
WITH OCTAL BUS TRANSCEIVERS 

SCBS043E- MAY 1990- REVISED JULY 1996 



Exit1-DR, Exit2-DR 

The Exit1-DR and Exit2-DR states are temporary states that end a data-register scan. It is possible to return 
to the Shift-DR state from either Exit1-DR or Exit2-DR without recapturing the data register. 

On the first falling edge of TCK, after entry to Exitl -DR, TDO goes from the active state to the high-impedance 
state. 

Pause-DR 

No specific function is performed in the stable Pause-DR state, in which the TAP controller can remain 
indefinitely. The Pause-DR state suspends and resumes data-register scan operations without loss of data. 

Update-DR 

If the current instruction calls for the selected data register to be updated with current data, then such update 
occurs on the falling edge of TCK, following entry to the Update-DR state. 

Capture-IR 

When an instruction-register scan is selected, the TAP controller must pass through the Capture-IR state. In 
the Capture-IR state, the instruction register captures its current status value. This capture operation occurs 
on the rising edge of TCK, upon which the TAP controller exits the Capture-IR state. 

For the 'BCT8245A, the status value loaded in the Capture-IR state is the fixed binary value 10000001. 

Shift-IR 

Upon entry to the Shift-IR state, the instruction register is placed in the scan path between TDI and TDO and, 
on the first falling edge of TCK, TDO goes from the high-impedance state to an active state. TDO enables to 
the logic level present in the least-significant bit of the instruction register. 

While in the stable Shift-IR state, instruction data is serially shifted through the instruction register on each TCK 
cycle. The first shift occurs on the first rising edge of TCK after entry to the Shift-IR state (i.e., no shifting occurs 
during the TCK cycle in which the TAP controller changes from Capture-IR to Shift-IR or from Exit2-IR to 
Shift-IR). The last shift occurs on the rising edge of TCK, upon which the TAP controller exits the Shift-IR state. 

Exitl-IR, Exit2-IR 

The Exitl -IR and Exit2-IR states are temporary states that end an instruction-register scan. It is possible to 
return to the Shift-IR state from either Exitl -IR or Exit2-IR without recapturing the instruction register. 

On the first falling edge of TCK after entry to Exitl -IR, TDO goes from the active state to the high-impedance 
state. 

Pause-IR 

No specific function is performed in the stable Pause-IR state, in which the TAP controller can remain 
indefinitely. The Pause-IR state suspends and resumes instruction-register scan operations without loss of 
data. 

Update-IR 

The current instruction is updated and takes effect on the falling edge of TCK, following entry to the Update-IR 
state. 
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register overview 

With the exception of the bypass register; any test register may be thought of as a serial-shift register with a 
shadow latch on each bit. The bypass register differs in that it contains only a shift register. During the 
appropriate capture state (Capture-IR for instruction register, Capture-DR for data registers), the shift register 
may be parallel loaded from a source specified by the current instruction. During the appropriate shift state 
(Shift-IR or Shift-DR), the contents of the shift register are shifted out from TDO while new contents are shifted 
in at TDI. During the appropriate update state (Update-IR or Update-DR), the shadow latches are updated from 
the shift register. 

instruction register description 

The instruction register (IR) is eight bits long and tells the device what instruction is to be executed. Information 
contained in the instruction includes the mode of operation (either normal mode, in which the device performs 
its normal logic function, or test mode, in which the normal logic function is inhibited or altered) , the test operation 
to be performed, which of the three data registers is to be selected for inclusion in the scan path during 
data-register scans, and the source of data to be captured into the selected data register during Capture-DR. 

Table 2 lists the instructions supported by the 'BCT8245A. The even-parity feature specified for SCOPE™ 
devices is not supported in this device. Bit 7 of the instruction opcode is a don't-care bit. Any instructions that 
are defined for SCOPE™ devices but are not supported by this device default to BYPASS. 

During Capture-IR, the IR captures the binary value 1 0000001 . As an instruction is shifted in, this value is shifted 
out via TDO and can be inspected as verification that the IR is in the scan path. During Update-IR, the value 
that has been shifted into the IR is loaded into shadow latches. At this time, the current instruction is updated 
and any specified mode change takes effect. At power up or in the Test-Logic-Reset state, the IR is reset to the 
binary value 11111111, which selects the BYPASS instruction. The IR order of scan is shown in Figure 2. 



Bit 7 
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Figure 2. Instruction Register Order of Scan 
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data register description 
boundary-scan register 

The boundary-scan register (BSR) is 18 bits long. It contains one boundary-scan cell (BSC) for each 
normal-function input pin and one BSC for each normal-function output pin. Which I/O ports, A or B, function 
as input terminals and which function as output terminals is determined by the DIR signal (BSC1 7) as described 
below. The BSR is used 1) to store test data that is to be applied internally to the inputs of the normal on-chip 
logic and/or externally to the device output terminals, and/or 2) to capture data that appears internally at the 
outputs of the normal on-chip logic and/or externally at the device input terminals. 

The source of data to be captured into the BSR during Capture-DR is determined by the current instruction. The 
contents of the BSR may change during Run-Test/ldle, as determined by the current instruction. The contents 
of the BSR are not changed in Test-Logic-Reset. 

The BSR order of scan is from TDI through bits 1 7-0 to TDO. Table 1 shows the BSR bits and their associated 
device pin signals. The device signals 11-18 and 01-08 represent data input signals and data output signals, 
respectively. The direction control signal (DIR) as output by BSC1 7 determines which port, A or B, is considered 
an input and which is considered an output. When the output of BSC17 is logic 0, the device signals 11-18 are 
associated with I/O ports B1-B8, while device signals 01-08 are associated with I/O ports A1-A8. When the 
output of BSC17 is logic 1, the converse is true (that is, 11-18 are associated with A1-A8, while 01-08 are 
associated with B1 -B8). In normal-function mode, the output of the BSC1 7 input is equivalent to the input signal 
present at the DIR input pin. 



Table 1. Boundary-Scan Register Configuration 



BSR BIT 
NUMBER 


DEVICE 
SIGNAL 


BSR BIT 
NUMBER 


DEVICE 
SIGNAL 


BSR BIT 
NUMBER 


DEVICE 
SIGNAL 


17 


DIR 


15 


11 


7 


01 


16 


OE 


14 


12 


6 


02 






13 


13 


5 


03 






12 


14 


4 


04 






11 


15 


3 


05 






10 


16 


2 


06 






9 


17 


1 


07 






8 


18 


0 


08 



boundary-control register 

The boundary-control register (BCR) is two bits long. The BCR is used in the context of the RUNT instruction 
to implement additional test operations not included in the basic SCOPE™ instruction set. Such operations 
include PRPG and PSA. Table 3 shows the test operations that are decoded by the BCR. 

During Capture-DR, the contents of the BCR are not changed. At power up or in Test-Logic-Reset, the BCR is 
reset to the binary value 1 0, which selects the PSA test operation. The BCR order of scan is shown in Figure 3. 
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Figure 3. Boundary-Control Register Order of Scan 
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bypass register 

The bypass register is a 1-bit scan path that can be selected to shorten the length of the system scan path, 
thereby reducing the number of bits per test pattern that must be applied to complete a test operation. 

During Capture-DR, the bypass register captures a logic 0. The bypass register order of scan is shown in 
Figure 4. 





BltO 


► 


► 





Figure 4. Bypass Register Order of Scan 

instruction-register opcode description 

The instruction-register opcodes are shown in Table 2. The following descriptions detail the operation of each 
instruction. 



Table 2. Instruction-Register Opcodes 



BINARY CODET 
BIT 7 -> BIT 0 
MSB -> LSB 


SCOPE OPCODE 


DESCRIPTION 


SELECTED DATA 
REGISTER 


MODE 


xooooooo 


EXTEST/INTEST 


Boundary scan 


Boundary scan 


Test 


X0000001 


BYPASS* 


Bypass scan 


Bypass 


Normal 


X0000010 


SAMPLE/PRELOAD 


Sample boundary 


Boundary scan 


Normal 


X0000011 


INTEST/EXTEST 


Boundary scan 


Boundary scan 


Test 


X0000100 


BYPASS* 


Bypass scan 


Bypass 


Normal 


X0000101 


BYPASS* 


Bypass scan 


Bypass 


Normal 


X0000110 


HIGHZ (TRIBYP) 


Control boundary to high impedance 


Bypass 


Modified test 


X0000111 


CLAMP (SETBYP) 


Control boundary to 1/0 


Bypass 


Test 


X0001000 


BYPASS* 


Bypass scan 


Bypass 


Normal 


X0001001 


RUNT 


Boundary run test 


Bypass 


Test 


X0001010 


READBN 


Boundary read 


Boundary scan 


Normal 


X0001011 


READBT 


Boundary read 


Boundary scan 


Test 


X0001100 


CELLTST 


Boundary self test 


Boundary scan 


Normal 


X0001101 


TOPHIP 


Boundary toggle outputs 


Bypass 


Test 


X0001110 


SCANCN 


Boundary-control register scan 


Boundary control 


Normal 


X0001111 


SCANCT 


Boundary-control register scan 


Boundary control 


Test 


All others 


BYPASS 


Bypass scan 


Bypass 


Normal 



t Bit 7 is a don't-care bit; X = don't care. 

* The BYPASS instruction is executed in lieu of a SCOPE™ instruction that is not supported in the 'BCT8245A. 
boundary scan 



This instruction conforms to the IEEE Standard 1149.1-1990 EXTEST and INTEST instructions. The BSR is 
selected in the scan path. Data appearing at the device input terminals is captured in the input BSCs, while data 
appearing at the outputs of the normal on-chip logic is captured in the output BSCs. Data that has been scanned 
into the input BSCs is applied to the inputs of the normal on-chip logic, while data that has been scanned into 
the output BSCs is applied to the device output terminals. The device operates in the test mode. 
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bypass scan 

This instruction conforms to the IEEE Standard 1149.1-1990 BYPASS instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. The device 
operates in the normal mode. 

sample boundary 

This instruction conforms to the IEEE Standard 1149.1-1990 SAMPLE/PRELOAD instruction. The BSR is 
selected in the scan path. Data appearing at the device input terminals is captured in the input BSCs, while data 
appearing at the outputs of the normal on-chip logic is captured in the output BSCs. The device operates in the 
normal mode. 

control boundary to high impedance 

This instruction conforms to the IEEE Standard 11 49.1 a-1 993 HIGHZ instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. The device 
operates in a modified test mode in which all device output terminals are placed in the high-impedance state, 
the device input terminals remain operational, and the normal on-chip logic function is performed. 

control boundary to 1/0 

This instruction conforms to the IEEE Standard 1149.1a-1993 CLAMP instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. Data in the input 
BSCs is applied to the inputs of the normal on-chip logic, while data in the output BSCs is applied to the device 
output terminals. The device operates in the test mode. 

boundary run test 

The bypass register is selected in the scan path. A logic 0 value is captured in the bypass register during 
Capture-DR. The device operates in the test mode. The test operation specified in the BCR is executed during 
Run-Test/ldle. The four test operations decoded by the BCR are: sample inputs/toggle outputs (TOPSIP), 
PRPG, PSA, and simultaneous PSA and PRPG (PSA/PRPG). 

boundary read 

The BSR is selected in the scan path. The value in the BSR remains unchanged during Capture-DR. This 
instruction is useful for inspecting data after a PSA operation. 

boundary self test 

The BSR is selected in the scan path. All BSCs capture the inverse of their current values during Capture-DR. 
In this way, the contents of the shadow latches may be read out to verify the integrity of both shift-register and 
shadow-latch elements of the BSR. The device operates in the normal mode. 

boundary toggle outputs 

The bypass register is selected in the scan path. A logic 0 value is captured in the bypass register during 
Capture-DR. Data in the shift register elements of the selected output BSCs is toggled on each rising edge of 
TCK in Run-Test/Idle and is then updated in the shadow latches and applied to the associated device output 
terminals on each falling edge of TCK in Run-Test/Idle. Data in the selected input BSCs remains constant and 
is applied to the inputs of the normal on-chip logic. Data appearing at the device input terminals is not captured 
in the input BSCs. The device operates in the test mode. 

boundary-control register scan 

The BCR is selected in the scan path. The value in the BCR remains unchanged during Capture-DR. This 
operation must be performed before a boundary-run test operation to specify which test operation is to 
be executed. 
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boundary-control register opcode description 

The BCR opcodes are decoded from BCR bits 1-0, as shown in Table 3. The selected test operation is 
performed while the RUNT instruction is executed in the Run-Test/Idle state. The following descriptions detail 
the operation of each BCR instruction and illustrate the associated PSA and PRPG algorithms. 



Table 3. Boundary-Control Register Opcodes 



BINARY CODE 
BIT 1 -» BIT 0 
MSB -> LSB 


DESCRIPTION 


00 


Sample inputs/toggle outputs (TOPSIP) 


01 


Pseudo-random pattern generation/1 6-bit mode (PRPG) 


10 


Parallel-signature analysis/1 6-bit mode (PSA) 


11 


Simultaneous PSA and PRPG/8-bit mode (PSA/PRPG) 



It should be noted, in general, that while the control input BSCs (bits 17-16) are not included in the sample, 
toggle, PSA, or PRPG algorithms, the output-enable BSC (bit 1 6 of the BSR) does control the drive state (active 
. or high impedance) of the device output terminals while the direction-control BSC (bit 17) controls which I/O 
ports, A or B, are considered input terminals and which are considered output terminals. 

sample inputs/toggle outputs (TOPSIP) 

Data appearing at the device input terminals is captured in the shift-register elements of the input BSCs on each 
rising edge of TCK. This data is then updated in the shadow latches of the input BSCs and applied to the inputs 
of the normal on-chip logic. Data in the shift register elements of the output BSCs is toggled on each rising edge 
of TCK, updated in the shadow latches, and applied to the device output terminals on each falling edge of TCK. 

pseudo-random pattern generation (PRPG) 

A pseudo-random pattern is generated in the shift-register elements of the BSCs on each rising edge of TCK 
and then updated in the shadow latches and applied to the device output terminals on each falling edge of TCK. 
This data also is updated in the shadow latches of the input BSCs and applied to the inputs of the normal on-chip 
logic. Figure 5 illustrates the 16-bit linear-feedback shift-register algorithm through which the patterns are 
generated. An initial seed value should be scanned into the BSR before performing this operation. A seed value 
of all zeroes will not produce additional patterns. 
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Figure 5. 16-Bit PRPG Configuration 
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parallel-signature analysis (PSA) 

Data appearing at the device input terminals is compressed into a 16-bit parallel signature in the shift-register 
elements of the BSCs on each rising edge of TCK. This data is then updated in the shadow latches of the input 
BSCs and applied to the inputs of the normal on-chip logic. Data in the shadow latches of the output BSCs 
remains constant and is applied to the device outputs. Figure 6 illustrates the 16-bit linear-feedback 
shift-register algorithm through which the signature is generated. An initial seed value should be scanned into 
the BSR before performing this operation. 
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Figure 6. 16-Blt PSA Configuration 

simultaneous PSA and PRPG (PSA/PRPG) 

Data appearing at the device input terminals is compressed into an 8-bit parallel signature in the shift-register 
elements of the input BSCs on each rising edge of TCK. This data is then updated in the shadow latches of the 
input BSCs and applied to the inputs of the normal on-chip logic. At the same time, an 8-bit pseudo-random 
pattern is generated in the shift-register elements of the output BSCs on each rising edge of TCK, updated in 
the shadow latches, and applied to the device output terminals on each falling edge of TCK. Figure 7 illustrates 
the 8-bit linear-feedback shift-register algorithm through which the signature and patterns are generated. An 
initial seed value should be scanned into the BSR before performing this operation. A seed value of all zeroes 
will not produce additional patterns. 
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Figure 7. 8-Bit PSA/PRPG Configuration 
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timing description 

All test operations of the 'BCT8245A are synchronous to TCK. Data on the TDI, TMS, and normal-function inputs 
is captured on the rising edge of TCK. Data appears on the TDO and normal-function output terminals on the 
falling edge of TCK. The TAP controller is advanced through its states (as shown in Figure 1) by changing the 
value of TMS on the falling edge of TCK and then applying a rising edge to TCK. 

A simple timing example is illustrated in Figure 8. In this example, the TAP controller begins in the 
Test-Logic-Reset state and is advanced through its states as necessary to perform one instruction-register scan 
and one data-register scan. While in the Shift-IR and Shift-DR states, TDI is used to input serial data and TDO 
is used to output serial data. The TAP controller is then returned to the Test-Logic-Reset state. Table 4 details 
the operation of the test circuitry during each TCK cycle. 



Table 4. Explanation of Timing Example 



TCK 
CYCLE(S) 


TAP STATE 
AFTER TCK 


DESCRIPTION 


1 


Test-Logic-Reset 


TMS is changed to a logic 0 value on the falling edge of TCK to begin advancing the TAP controller toward 
the desired state. 


2 


Run-Test/Idle 




3 


Select-DR-Scan 




4 


Select-IR-Scan 




5 


Capture-IR 


The IR captures the 8-bit binary value 10000001 on the rising edge of TCK as the TAP controller exits the 
Capture-IR state. 


6 


Shift-IR 


TDO becomes active and TDI is made valid on the falling edge of TCK. The first bit is shifted into the TAP 
on the rising edge of TCK as the TAP controller advances to the next state. 


7-13 


Shift-IR 


One bit is shifted into the IR on each TCK rising edge. With TDI held at a logic 1 value, the 8-bit binary value 
1 1 1 1 1 1 1 1 is serially scanned into the IR. At the same time, the 8-bit binary value 1 0000001 is serially scanned 
out of the IR via TDO. In TCK cycle 13, TMS is changed to a logic 1 value to end the IR scan on the next 
TCK cycle. The last bit of the instruction is shifted as the TAP controller advances from Shift-IR to Exit1-IR. 


14 


ExitMR 


TDO becomes inactive (goes to the high-impedance state) on the falling edge of TCK. 


15 


Update-IR 


The IR is updated with the new instruction (BYPASS) on the falling edge of TCK. 


16 


Select-DR-Scan 




17 


Capture-DR 


The bypass register captures a logic 0 value on the rising edge of TCK as the TAP controller exits the 
Capture-DR state. 


18 


Shift-DR 


TDO becomes active and TDI is made valid on the falling edge of TCK. The first bit is shifted into the TAP 
on the rising edge of TCK as the TAP controller advances to the next state. 


19-20 


Shift-DR 


The binary value 101 is shifted in via TDI, while the binary value 010 is shifted out via TDO. 


21 


Exit1-DR 


TDO becomes inactive (goes to the high-impedance state) on the falling edge of TCK. 


22 


Update-DR 


In general, the selected data register is updated with the new data on the falling edge of TCK. 


23 


Select-DR-Scan 




24 


Select-IR-Scan 




25 


Test-Logic-Reset 


Test operation completed 
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Figure 8. Timing Example 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, V<x -0-5 V to 7 V 

Input voltage range, V|: I/O ports (see Note 1) -0.5 V to 5.5 V 

except I/O ports and TMS (see Note 1) -0.5 V to 7 V 

Input voltage range (TMS) (see Note 1) -0.5 V to 12 V 

Voltage range applied to any output in the disabled or power-off state -0.5 V to 5.5 V 

Voltage range applied to any output in the high state -0.5 V to Vrjrj 

Input clamp current, l||< -30 mA 

Current into any output in the low state: SN54BCT8245A (any A, TDO) 40 mA 

SN54BCT8245A (any B) 96 mA 

SN74BCT8245A (any A, TDO) 48 mA 

SN74BCT8245A (any B) 128 mA 

Maximum power dissipation at T/\ = 55° C (in still air) (see Note 2): DW package 1 .7 W 

NT package 1 .3 W 

Storage temperature range, T stg -65°C to 1 50°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 
NOTES: 1 . The input voltage rating may be exceeded if the input clamp-current rating is observed. 

2. The maximum package power dissipation is calculated using a junction temperature of 1 50°C and a board trace length of 750 mils, 
except for the NT package, which has a trace length of zero. For more information, refer to the Package Thermal Considerations 
application note in the ABT Advanced BiCMOS Technology Data Book, literature number SCBD002. 
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recommended operating conditions 









SN54BCT8245A 


SN74BCT8245A 


UNIT 








MIN NOM 


MAX 


MIN 


NOM MAX 


Vcc 


Supply voltage 




4.5 5 


5.5 


4.5 


5 5.5 


V 


V|H 


High-level input voltage 




2 


2 


V 


V|HH 


Double-high-level input voltage 


TMS 


10 


12 


10 


12 


V 


V|L 


Low-level input voltage 




0.8 


0.8 


V 


IlK 


Input clamp current 




-18 


-18 


mA 


'OH 


High-level output current 


Any A, TDO 


-3 


-3 


mA 


Any B 


-12 


-15 


lOL 


Low-level output current 


Any A, TDO 


20 


24 


mA 


Any B 


48 


64 


T A 


Operating free-air temperature 




-55 


125 


0 


70 


°C 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


SN54BCT8245A 


SN74BCT8245A 


UNIT 


WIN 


TYPt 


MAX 


MIN 


TYPt 


MAX 


V|K 


Vrr = 4 5 V 


l| _ _is mA 


-1.2 


-1.2 


V 






VCC = 4.75 V, 


| 0 h = -1 mA 


2.7 


3.4 




2.7 


3.4 








Any A, TDO 


V C C = 4.5 V 


Inn = —1 mA 


2.5 


3.4 




2.5 


3.4 










Inn = —3 mA 


2.4 


3.3 




2.4 


3.3 






VOH 




Vcc = 4.75 V, 


Iqh => -3 mA 


2.7 


3.4 




2.7 


3.4 




V 




Any B 




Iqh = -3 mA 


2.4 


3.4 




2.4 


3.4 








Vcc = 4.5 V 


lOH =-12 mA 


2 


3.2 














Iqh =-15 mA 




2 


3.1 








Any A, TDO 


V C C = 4.5 V 


IOL = 20 mA 




0.3 


0.5 






vol 


lOL = 24 mA 






0.35 


0.5 


V 


Any B 


V C C = 4.5 V 


l0L = 48 mA 




0.38 


0.55 






lOL = 64 mA 






0.42 


0.55 






Except A or B 


V C C = 5.5 V, 


V| = 5.5 V 


0.1 


0.1 


mA 


ii 


Any A or B 


0.25 


0.25 


llH* 


Vcc = 5-5 V, 


V| = 2.7 V 


-1 


-35 


-100 


-1 


-35 


-100 


HA 


l|HH 


TMS 


V C C = 5-5 V, 


V| = 10V 


1 


1 


mA 


IlL* 


V C C = 5.5 V, 


V| = 0.5V 


-30 


-70 


-200 


-30 


-70 


-200 


\iA 


lOZH 


TDO 


V C C = 5.5V, 


Vo = 2.7 V 


-1 


-35 


-100 


-1 


-35 


-100 


HA 


lOZL 


TDO 


V C C = 5.5 V, 


Vo = 0.5 V 


-30 


-70 


-200 


-30 


-70 


-200 


HA 


'OZPU 


Vcc = 0 to 2 V, 


Vo = 0.5 V or 2.7 V 


±250 


±250 


HA 


lOZPD 


V C C = 2 V to 0, 


Vq = 0.5 V or 2.7 V 


±250 


±250 


tiA 


'off 


vcc = o, 


V| or Vo < 4.5 V 


±250 


±250 


HA 


ios§ 


V C C = 5.5 V, 


v 0 = o 


-100 




-225 


-100 




-225 


mA 






V C C = 5.5 V, 
Outputs open 


Outputs high 




3.6 


7.5 




3.6 


7.5 








Outputs low 




35 


52 




35 


52 


mA 






Outputs disabled 




1.5 


3.5 




1.5 


3.5 




Ci 


V C C = 5 V, 


V| = 2.5 V or 0.5 V 


8 


8 


PF 


Cj 0 


Vcc = 5 V, 


Vq = 2.5 V or 0.5 V 


14 


14 


PF 



t All typical values are at Vcc = 5 V, Ta = 25°C. 

t For I/O ports, the parameters l|u and include the off-state output current. 

§ Not more than one output should be shorted at a time, and the duration of the short circuit should not exceed one second. 
H ICCH ar| d IcCL are measured in the A-data to B-bus operational mode. 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (test mode) (see Figure 9) 





V CC - ° v > 
Ta = 25°C 


SN54BCT8245A 


SN74BCT8245A 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


fclock Clock frequency 


TCK 


0 20 


0 20 


0 20 


MHz 


t w Pulse duration 


TCK high or low 


25 


25 


25 


ns 


TMS double high 


50* 


50* 


50 


t su Setup time 


Any A or B before TCKT 


6 


6 


6 


ns 


DIR or OE before TCKT 


6 


6 


6 


TDI before TCKt 


6 


6 


6 


TMS before TCKt 


12 


12 


12 


t n Hold time 


Any A or B after TCKt 


4.5 


4.5 


4.5 


ns 


DIR or OE after TCKt 


4.5 


4.5 


4.5 


TDI after TCKt 


4.5 


4.5 


4.5 


TMS after TCK? 


0 


0 


0 


t,j Delay time 


Power up to TCKt 


100* 


100* 


100 


ns 



* On products compliant to MIL-PRF-38535, this parameter is not production tested. 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (normal mode) (see Figure 9) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


v cc 

TA = 


= 5 V, 
25°C 




SN54BCT8245A 


SN74BCT8245A 


UNIT 




MIN TYP 


MAX 


MIN 


MAX 


MIN 


MAX 




tPLH 


AorB 


Bor A 


2 


5.8 


7.8 


2 


9.6 


2 


8.7 


ns 


tPHL 


2 


6.1 


8.7 


2 


11 


2 


10 


IPZH 


OE 


B or A 


3 


6.8 


9.5 


3 


11.5 


3 


10.6 


ns 


tpZL 


3 


8.8 


12.5 


3 


14.3 


3 


13.8 


l PHZ 


OE 


Bor A 


3 


6.2 


8.6 


3 


10.2 


3 


9.6 


ns 


tPLZ 


2.5 


6 


8 


2.5 


10.5 


2.5 


9.5 



switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (test mode) (see Figure 9) 









SN54BCT8245A 




PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V C C = 5 V, 
Ta = 25°C 


MIN 


MAX 


UNIT 








MIN 


TYP 


MAX 








'max 


TCK 




20 


20 


MHz 


tPLH 


TCK4- 


Bor A 


6 


13 


15.5 


6 


21.5 


ns 


tPHL 


6 


12.5 


15.5 


6 


21.5 


tPLH 


TCKi 


TDO 


3.5 


7.6 


10.5 


3.5 


14 


ns 


tPHL 


3.5 


8 


10.5 


3.5 


13 


tPLH 


TCK? 


Bor A 


7.5 


16.5 


20 


7.5 


28 


ns 


tPHL 


7.5 


17 


21 


7.5 


29 


tpZH 


TCK4- 


Bor A 


6.5 


14 


17 


6.5 


24 


ns 


tpZL 


7 


15 


20 


7 


26 


tPZH 


TCKi 


TDO 


3.5 


7.6 


10.5 


3.5 


11.5 


ns 


tpZL 


4 


8.5 


12 


4 


17.5 


tpZH 


TCKT 


Bor A 


8 


18 


22 


8 


30 


ns 


tpZL 


8 


19 


25 


8 


32 


tPHZ 


TCKi 


Bor A 


6 


14 


18 


6 


24 


ns 


tPLZ 


6 


14 


18 


6 


23 


tPHZ 


TCK4- 


TDO 


3 


8 


11.5 


3 


13 


ns 


tPLZ 


3 


7.5 


10 


3 


13 


tPHZ 


TCK? 


Bor A 


8 


18.5 


22 


8 


31 


ns 


tPLZ 


8 


18.5 


22 


8 


31 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (test mode) (see Figure 9) 









SN74BCT8245A 




PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


VCC = 5V, 
Ta = 25°C 


MIN 


MAX 


UNIT 








MIN 


TYP 


MAX 








'max 


TCK 




20 


20 


MHz 


*PLH 


TCKi 


BorA 


6 


13 


15.5 


6 


20 


ns 


tPHL 


6 


12.5 


15.5 


6 


20 


tpLH 


TCKi 


TDO 


3.5 


7.6 


10.5 


3.5 


13 


ns 


tPHL 


3.5 


8 


10.5 


3.5 


12 


tpLH 


TCKT 


BorA 


7.5 


16.5 


20 


7.5 


24 


ns 


l PHL 


7.5 


17 


21 


7.5 


25 


IPZH 


TCKi 


BorA 


6.5 


14 


17 


6.5 


21 


ns 


tPZL 


7 


15 


20 


7 


23 


tpZH 


Tpi/ I 


I UU 


3.5 


7.6 


10.5 


3.5 


11 


ns 


*PZL 


4 


8.5 


11 


4 


12.5 


tPZH 


TCKT 


BorA 


8 


18 


22 


8 


27 


ns 


l PZL 


8 


19 


25 


8 


29 


tPHZ 


TCKi 


BorA 


6 


14 


18 


6 


22 


ns 


*PLZ 


6 


14 


17 


6 


21 


tpHZ 


TCKi 


TDO 


3 


8 


11.5 


3 


12.5 


ns 


tPLZ 


3 


7.5 


10 


3 


12 


tPHZ 


TCKT 


BorA 


8 


18.5 


22 


8 


27 


ns 


tPLZ 


8 


18.5 


22 


8 27 
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PARAMETER MEASUREMENT INFORMATION 

7 V (t PZL , tpLZ, O.C.) 



S1 



Open 
(all others) 



R1 



From Output 

Under Test 

CL -=L 
(see Note A) 



Test 
Point 



R2 



R L = R1 = R2 



From Output 

Under Test 

(see Note A) 



Test 
Point 



R1 



LOAD CIRCUIT FOR 
TOTEM-POLE OUTPUTS 



LOAD CIRCUIT FOR 
3-STATE AND OPEN-COLLECTOR OUTPUTS 



Timing Input 



tsu - W M< >< - ^ 

Data Input ^ 1.5V \ 1- 



5V 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



3V 
0V 
3V 
0V 



Hlgh-Level 
Pulse 



Low-Level 
Pulse 



tw 



\ 1 - 5V / 1 - 5V 



VOLTAGE WAVEFORMS 
PULSE DURATION 



3 V 

1.5 V 

| > ov 



3V 
0V 



Input 



V ^1.5 V 



I | 
tPLH^4 H 



3V 



|* >j- tpHL 



In-Phase 
Output 



Out-of-Phaso 
Output 



tPHL-1* H 



ov 



jf™* | ^SV 



VOH 



|« ►j-tpLH 



vol 



Xsv 



VOH 



vol 



VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES (see Note D) 



Output 
Control 
(low-level enable) 



tPZL 



Waveform 1 
(see Notes B) 



Waveform 2 
(see Notes B) 



1.5 V 



/1.5V 

" '\ 



4- 

-» ^-t PL2 

I I 



tPHZ-^| 




3V 
OV 

3.5 V 

vol 



0.3 V 



VOH 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES, 3-STATE OUTPUTS 



NOTES: A. C|_ includes probe and jig capacitance. 

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

C. All input pulses are supplied by generators having the following characteristics: PRR < 1 0 MHz, t r = tf < 2.5 ns, duty cycle = 50%. 

D. The outputs are measured one at a time with one transition per measurement. 

E. When measuring propagation delay times of 3-state outputs, switch S1 is open. 



Figure 9. Load Circuits and Voltage Waveforms 
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Members of the Texas Instruments 
SCOPE™ Family of Testability Products 
Octal Test-Integrated Circuits 
Functionally Equivalent to 'F373 and 
'BCT373 in the Normal-Function Mode 
Compatible With the IEEE Standard 
1149.1-1990 (JTAG) Test Access Port and 
Boundary-Scan Architecture 
Test Operation Synchronous to Test 
Access Port (TAP) 

Implement Optional Test Reset Signal by 
Recognizing a Double-High-Level Voltage 
(10 V) on TMS Pin 
SCOPE™ Instruction Set 

- IEEE Standard 1149.1-1990 Required 
Instructions, Optional INTEST, CLAMP, 
and HIGHZ 

- Parallel Signature Analysis at Inputs 

- Pseudo-Random Pattern Generation 
From Outputs 

- Sample Inputs/Toggle Outputs 

Package Options Include Plastic 
Small-Outline (DW) Packages, Ceramic 
Chip Carriers (FK), and Standard Plastic 
and Ceramic 300-mil DIPs (JT, NT) 



description 



SN54BCT8373A . . . JT PACKAGE 
SN74BCT8373A ... DW OR NT PACKAGE 
(TOP VIEW) 




SN54BCT8373A . . . FK PACKAGE 
(TOP VIEW) 



Q Q Q O 
CO m 2 



> B S 



2D ] 5 
1D ] 6 
OE0 7 
NC 
LE 
1Q 



4 3 2 1 28 27 26 _ 

25 [ 8D 

24 [ TDI 

23[ TCK 

22 [ NC 

21 [ TMS 

20[ TDO 

2QD 11 19[ 8Q 
12 13 14 15 16 1718 
1 11 11 ir~ir~ii ii i | 



]8 

]10 



a a a o a a a 

n t Z Z a id s 

NC - No internal connection 



The 'BCT8373A scan test devices with octal 
D-type latches are members of the Texas 
Instruments SCOPE™ testability integrated- 
circuit family. This family of devices supports IEEE 
Standard 1 1 49.1-1 990 boundary scan to facilitate 
testing of complex circuit board assemblies. Scan 
access to the test circuitry is accomplished via the 
4-wire test access port (TAP) interface. 

In the normal mode, these devices are functionally equivalent to the 'F373 and 'BCT373 octal D-type latches. 
The test circuitry can be activated by the TAP to take snapshot samples of the data appearing at the device 
terminals or to perform a self test on the boundary test cells. Activating the TAP in normal mode does not affect 
the functional operation of the SCOPE™ octal latches. 

In the test mode, the normal operation of the SCOPE™ octal latches is inhibited and the test circuitry is enabled 
to observe and control the I/O boundary of the device. When enabled, the test circuitry can perform boundary 
scan test operations, as described in IEEE Standard 1149.1-1990. 



SCOPE is a trademark of Texas Instruments Incorporated. 



PRODUCTION DATA Information Is current as ol publication date. 
Products conform to specifications per the terms ol Texas Instruments 
standard warranty. Production processing does not necessarily Include 
testing ol all parameters. 
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description (continued) 

Four dedicated test terminals are used to control the operation of the test circuitry: test data input (TDI), test 
data output (TDO), test mode select (TMS), and test clock (TCK). Additionally, the test circuitry can perform 
other testing functions such as parallel signature analysis (PSA) on data inputs and pseudo-random pattern 
generation (PRPG) from data outputs. All testing and scan operations are synchronized to the TAP interface. 

The SN54BCT8373A is characterized for operation over the full military temperature range of - 55°C to 1 25°C. 
The SN74BCT8373A is characterized for operation from 0°C to 70°C. 

FUNCTION TABLE 
(normal mode, each latch) 



logic symbolt 



INPUTS 


OUTPUT 
Q 


OE 


LE 


D 


L 


H 


H 


H 


L 


H 


L 


L 


L 


L 


X 


Q0 


H 


X 


X 


Z 



TDI 
TMS 
TCK 

OE 
LE 

1D 
2D 
3D 
4D 
5D 
6D 
7D 
8D 



14 


SCAN 
•BCT8373A 

TDI 

TMS TDO 

> TCK-IN 

> TCK-OUT 


11 


12 


13 


2 


? 

rs 


24 


EN 
C1 

i r 


1 


23 


1D V 


22 


3 




21 


4 




20 


5 




19 


7 




17 




8 




16 




9 




15 




10 











TDO 



1Q 
2Q 
3Q 
4Q 
5Q 
6Q 
7Q 
8Q 



TThis symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
Pin numbers shown are for the DW, JT, and NT packages. 
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functional block diagram 



OE 



24 



vcc 



LE 



1D 



23 



VCC 



TDI 



TMS 



TCK 



Boundary-Scan Register 



One of Eight Channels 



1Q 




TDO 



Pin numbers shown are for the DW, JT, and NT packages. 
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Terminal Functions 


TERMINAL 
NAME 


DESCRIPTION 


1D-8D 


Normal-function data inputs. See function table for normal-mode logic. Internal pullups force these inputs to a high level if 
left unconnected. 


GND 


Ground 


LE 


Normal-function latch-enable input. See function table for normal-mode logic. An internal pullup forces LE to a high level if 
left unconnected. 


OE 


Normal-function output-enable input. See function table for normal-mode logic. An internal pullup forces OE to a high level 
if left unconnected. 


1Q-8Q 


Normal-function data outputs. See function table for normal-mode logic. 


TCK 


Test clock. One of four terminals required by IEEE Standard 1149.1-1990. Test operations of the device are synchronous to 
TCK. Data is captured on the rising edge of TCK and outputs change on the falling edge of TCK. An internal pullup forces 
TCK to a high level if left unconnected. 


TDI 


Test data input. One of four terminals required by I EEE Standard 1 1 49.1 -1 990. TDI is the serial input for shifting data through 
the instruction register or selected data register. An internal pullup forces TDI to a high level if left unconnected. 


TDO 


Test data output. One of four terminals required by IEEE Standard 1149.1-1990. TDO is the serial output for shifting data 
through the instruction register or selected data register. An internal pullup forces TDO to a high level when it is not active 
and is not driven from an external source. 


TMS 


Test mode select. One of four terminals required by IEEE Standard 1149.1-1990. TMS directs the device through its TAP 
controller states. An internal pullup forces TMS to a high level if left unconnected. The TMS pin also provides the optional 
test reset signal of IEEE Standard 1149.1-1990. This is implemented by recognizing a third logic level, double-high (Vihh). 
at TMS. 


vcc 


Supply voltage 
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test architecture 

Serial test information is conveyed by means of a 4-wire test bus, or TAP, that conforms to IEEE Standard 
1149.1-1990. Test instructions, test data, and test control signals all are passed along this serial test bus. The 
TAP controller monitors two signals from the test bus, TCK and TMS. The TAP controller extracts the 
synchronization (TCK) and state control (TMS) signals from the test bus and generates the appropriate on-chip 
control signals for the test structures in the device. Figure 1 shows the TAP-controller state diagram. 

The TAP controller is fully synchronous to the TCK signal. Input data is captured on the rising edge of TCK, and 
output data changes on the falling edge of TCK. This scheme ensures that data to be captured is valid for fully 
one-half of the TCK cycle. 

The functional block diagram shows the IEEE Standard 1149.1-1990 4-wire test bus and boundary-scan 
architecture and the relationship between the test bus, the TAP controller, and the test registers. As shown, the 
device contains an 8-bit instruction register and three test data registers: an 1 8-bit boundary-scan register, a 
2-bit boundary-control register, and a 1-bit bypass register. 



TMS = H 



TMS = L 




Test-Logic-Reset V* 



> 



TMS r L 



Run-Test/ldle 



>TMS = H /• 





Select-DR-Scan 



> 



TMS = H 



< 



TMS = L 



Capture-DR 



> 



TMS = H TMS = H 



TMS = L 



Shlft-DR 



> 



TMS = H 



Exit1-DR 



> 



TMS = L 



Pause-DR 



> 



TMS = H 



Exit2-DR 



TMS = L 



TMS = H 



Update-DR 



TMS = H 



> 



TMS = L 



< 



< 



< 



< 



TMS = L 



< 



Select-IR-Scan 



> 



TMS = H 



TMS = L 



Capture-IR 



TMS = L 



Shift-IR 



TMS = H 



Exltl-IR 



TMS = L 



Pause-IR 



TMS = H 



Exit2-IR 



TMS = H 

r 

Update-IR X- 



TMS = H 



> 



TMS = L 




TMS = H 




Figure 1. TAP-Controller State Diagram 
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state diagram description 

The TAP controller is a synchronous finite state machine that provides test control signals throughout the device. 
The state diagram shown in Figure 1 is in accordance with IEEE Standard 1149.1-1990. The TAP controller 
proceeds through its states based on the level of TMS at the rising edge of TCK. 

As shown, the TAP controller consists of 1 6 states. There are six stable states (indicated by a looping arrow in 
the state diagram) and ten unstable states. A stable state is a state the TAP controller can retain for consecutive 
TCK cycles. Any state that does not meet this criterion is an unstable state. 

There are two main paths though the state diagram: one to access and control the selected data register and 
one to access and control the instruction register. Only one register can be accessed at a time. 

Test-Logic-Reset 

The device powers up in the Test-Logic-Reset state. In the stable Test-Logic-Reset state, the test logic is reset 
and is disabled so that the normal logic function of the device is performed. The instruction register is reset to 
an opcode that selects the optional IDCODE instruction, if supported, or the BYPASS instruction. Certain data 
registers also can be reset to their power-up values. 

The state machine is constructed such that the TAP controller returns to the Test-Logic-Reset state in no more 
than five TCK cycles if TMS is left high. The TMS pin has an internal pullup resistor that forces it high if left 
unconnected or if a board defect causes is to be open circuited. 

For the 'BCT8373A, the instruction register is reset to the binary value 11111111 , which selects the BYPASS 
instruction. The boundary-control register is reset to the binary value 1 0, which selects the PSA test operation. 

Run-Test/ Idle 

The TAP controller must pass through the Run-Test/Idle state (from Test-Logic-Reset) before executing any test 
operations. The Run-Test/ldle state also can be entered, following data-register or instruction-register scans. 
Run-Test/ldle is a stable state in which the test logic may be actively running a test or may be idle. 

The test operations selected by the boundary-control register are performed while the TAP controller is in the 
Run-Test/ldle state. 

Select-DR-Scan, Select-IR-Scan 

No specific function is performed in the Select-DR-Scan and Select-IR-Scan states, and the TAP controller exits 
either of these states on the next TCK cycle. These states allow the selection of either data-register scan or 
instruction-register scan. 

Capture-DR 

When a data-register scan is selected, the TAP controller must pass through the Capture-DR state. In the 
Capture-DR state, the selected data register may capture a data value, as specified by the current instruction. 
Such capture operations occur on the rising edge of TCK, upon which the TAP controller exits the Capture-DR 
state. 

Shift-DR 

Upon entry to the Shift-DR state, the data register is placed in the scan path between TDI and TDO and, on the 
first falling edge of TCK, TDO goes from the high-impedance state to an active state. TDO enables to the logic 
level present in the least-significant bit of the selected data register. 

While in the stable Shift-DR state, data is serially shifted through the selected data register on each TCK cycle. 
The first shift occurs on the first rising edge of TCK after entry to the Shift-DR state (i.e., no shifting occurs during 
the TCK cycle, in which the TAP controller changes from Capture-DR to Shift-DR or from Exit2-DR to Shift-DR). 
The last shift occurs on the rising edge of TCK, upon which the TAP controller exits the Shift-DR state. 



(j^ Texas 
Instruments 

2-70 POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 



SN54BCT8373A, SN74BCT8373A 
SCAN TEST DEVICES 
WITH OCTAL D-TYPE LATCHES 

SCBS044F - JUNE 1 990 - REVISED JULY 1 996 



Exit1-DR, Exit2-DR 

The Exitl-DR and Exit2-DR states are temporary states that end a data register scan. It is possible to return 
to the Shift-DR state from either Exit1-DR or Exit2-DR without recapturing the data register. 

On the first falling edge of TCK after entry to Exit1-DR, TDO goes from the active state to the high-impedance 
state. 

Pause-DR 

No specific function is performed in the stable Pause-DR state, in which the TAP controller can remain 
indefinitely. The Pause-DR state suspends and resumes data-register scan operations without loss of data. 

Update-DR 

If the current instruction calls for the selected data register to be updated with current data, then such update 
occurs on the falling edge of TCK, following entry to the Update-DR state. 

Capture-IR 

When an instruction-register scan is selected, the TAP controller must pass through the Capture-IR state. In 
the Capture-IR state, the instruction register captures its current status value. This capture operation occurs 
on the rising edge of TCK, upon which the TAP controller exits the Capture-IR state. 

For the 'BCT8373A, the status value loaded in the Capture-IR state is the fixed binary value 10000001. 

Shift-IR 

Upon entry to the Shift-IR state, the instruction register is placed in the scan path between TDI and TDO and, 
on the first falling edge of TCK, TDO goes from the high-impedance state to an active state. TDO enables to 
the logic level present in the least-significant bit of the instruction register. 

While in the stable Shift-IR state, instruction data is serially shifted through the instruction register on each TCK 
cycle. The first shift occurs on the first rising edge of TCK after entry to the Shift-IR state (i.e., no shifting occurs 
during the TCK cycle, in which the TAP controller changes from Capture-IR to Shift-IR or from Exit2-IR to 
Shift-IR). The last shift occurs on the rising edge of TCK, upon which the TAP controller exits the Shift-IR state. 

Exitl-IR, Exit2-IR 

The Exitl-IR and Exit2-IR states are temporary states used to end an instruction-register scan. It is possible 
to return to the Shift-IR state from either Exit1-IR or Exit2-IR without recapturing the instruction register. 

On the first falling edge of TCK after entry to Exit1-IR, TDO goes from the active state to the high-impedance 
state. 

Pause-IR 

No specific function is performed in the stable Pause-IR state, in which the TAP controller can remain 
indefinitely. The Pause-IR state suspends and resumes instruction-register scan operations without loss of 
data. 

Update-IR 

The current instruction is updated and takes effect on the falling edge of TCK, following entry to the Update-IR 
state. 
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register overview 

With the exception of the bypass register, any test register may be thought of as a serial shift register with a 
shadow latch on each bit. The bypass register differs in that it contains only a shift register. During the 
appropriate capture state (Capture-IR for instruction register, Capture-DR for data registers), the shift register 
may be parallel loaded from a source specified by the current instruction. During the appropriate shift state 
(Shift-IR or Shift-DR), the contents of the shift register are shifted out from TDO while new contents are shifted 
in at TDI. During the appropriate update state (Update-IR or Update-DR), the shadow latches are updated from 
the shift register. 

instruction register description 

The instruction register (IR) is eight bits long and tells the device what instruction is to be executed. Information 
contained in the instruction includes the mode of operation (either normal mode, in which the device performs 
its normal logic function, or test mode, in which the normal logic function is inhibited or altered), the test operation 
to be performed, which of the three data registers is to be selected for inclusion in the scan path during 
data-register scans, and the source of data to be captured into the selected data register during Capture-DR. 

Table 2 lists the instructions supported by the 'BCT8373A. The even-parity feature specified for SCOPE™ 
devices is not supported in this device. Bit 7 of the instruction opcode is a don't-care bit. Any instructions that 
are defined for SCOPE™ devices but are not supported by this device default to BYPASS. 

During Capture-IR, the IR captures the binary value 1 0000001 . As an instruction is shifted in, this value is shifted 
out via TDO and can be inspected as verification that the IR is in the scan path. During Update-IR, the value 
that has been shifted into the IR is loaded into shadow latches. At this time, the current instruction is updated, 
and any specified mode change takes effect. At power up or in the Test-Logic-Reset state, the IR is reset to the 
binary value 11111111 , which selects the BYPASS instruction. The IR order of scan is shown in Figure 2. 
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Figure 2. Instruction Register Order of Scan 
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data register description 
boundary-scan register 

The boundary-scan register (BSR) is 18 bits long. It contains one boundary-scan cell (BSC) for each 
normal-function input pin and one BSC for each normal-function output pin. The BSR is used 1) to store test 
data that is to be applied internally to the inputs of the normal on-chip logic and/or externally to the device output 
pins, and/or 2) to capture data that appears internally at the outputs of the normal on-chip logic and/or externally 
at the device input pins. 

The source of data to be captured into the BSR during Capture-DR is determined by the current instruction. The 
contents of the BSR may change during Run-Test/ldle as determined by the current instruction. The contents 
of the BSR are not changed in Test-Logic-Reset. 

The BSR order of scan is from TDI through bits 1 7-0 to TDO. Table 1 shows the BSR bits and their associated 
device pin signals. 



Table 1. Boundary-Scan Register Configuration 



BSR BIT 
NUMBER 


DEVICE 
SIGNAL 


BSR BIT 
NUMBER 


DEVICE 
SIGNAL 


BSR BIT 
NUMBER 


DEVICE 
SIGNAL 


17 


LE 


15 


1D 


7 


1Q 


16 


OE 


14 


2D 


6 


2Q 






13 


3D 


5 


3Q 






12 


4D 


4 


4Q 






11 


5D 


3 


5Q 






10 


6D 


2 


6Q 






9 


7D 


1 


7Q 






8 


8D 


0 


8Q 



boundary-control register 

The boundary-control register (BCR) is two bits long. The BCR is used in the context of the RUNT instruction 
to implement additional test operations not included in the basic SCOPE™ instruction set. Such operations 
include PRPG and PSA. Table 3 shows the test operations that are decoded by the BCR. 

During Capture-DR, the contents of the BCR are not changed. At power up or in Test-Logic-Reset, the BCR is 
reset to the binary value 10, which selects the PSA test operation. The BCR order of scan is shown in 
Figure 3. 
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Bit 1 




BitO 
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(MSB) 


» 
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Figure 3. Boundary-Control Register Order of Scan 
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bypass register 

The bypass register is a 1-bit scan path that can be selected to shorten the length of the system scan path, 
thereby reducing the number of bits per test pattern that must be applied to complete a test operation. 

During Capture-DR, the bypass register captures a logic 0. The bypass register order of scan is shown in 
Figure 4. 





BitO 




1> 


D 



Figure 4. Bypass Register Order of Scan 

instruction register opcode description 

The instruction register opcodes are shown in Table 2. The following descriptions detail the operation of each 
instruction. 



Table 2. Instruction Register Opcodes 



BINARY CODEt 
BIT 7 -» BIT 0 
MSB -> LSB 


SCOPE OPCODE 


DESCRIPTION 


SELECTED DATA 
REGISTER 


MODE 


xooooooo 


EXTEST/INTEST 


Boundary scan 


Boundary scan 


Test 


X0000001 


BYPASS* 


Bypass scan 


Bypass 


Normal 


X0000010 


SAMPLE/PRELOAD 


Sample boundary 


Boundary scan 


Normal 


X0000011 


INTEST/EXTEST 


Boundary scan 


Boundary scan 


Test 


X0000100 


BYPASS* 


Bypass scan 


Bypass 


Normal 


X0000101 


BYPASS* 


Bypass scan 


Bypass 


Normal 


X0000110 


HIGHZ (TRIBYP) 


Control boundary to high impedance 


Bypass 


Modified test 


X0000111 


CLAMP (SETBYP) 


Control boundary to 1/0 


Bypass 


Test 


X0001000 


BYPASS* 


Bypass scan 


Bypass 


Normal 


X0001001 


RUNT 


Boundary run test 


Bypass 


Test 


X0001010 


READ3N 


Boundary read 


Boundary scan 


Normal 


X0001011 


READBT 


Boundary read 


Boundary scan 


Test 


X0001100 


CELLTST 


Boundary self test 


Boundary scan 


Normal 


X0001101 


TOPHIP 


Boundary toggle outputs 


Bypass 


Test 


X0001110 


SCANCN 


Boundary-control register scan 


Boundary control 


Normal 


X0001111 


SCANCT 


Boundary-control register scan 


Boundary control 


Test 


All others 


BYPASS 


Bypass scan 


Bypass 


Normal 



t Bit 7 is a don't-care bit; X = don't care. 

*The BYPASS instruction is executed in lieu of a SCOPE™ instruction that is not supported in the 'BCT8373A. 

boundary scan 



This instruction conforms to the IEEE Standard 1149.1-1990 EXTEST and INTEST instructions. The BSR is 
selected in the scan path. Data appearing at the device input terminals is captured in the input BSCs, while data 
appearing at the outputs of the normal on-chip logic is captured in the output BSCs. Data that has been scanned 
into the input BSCs is applied to the inputs of the normal on-chip logic, while data that has been scanned into 
the output BSCs is applied to the device output terminals. The device operates in the test mode. 
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bypass scan 



This instruction conforms to the IEEE Standard 1149.1-1990 BYPASS instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. The device 
operates in the normal mode. 

sample boundary 

This instruction conforms to the IEEE Standard 1149.1-1990 SAMPLE/PRELOAD instruction. The BSR is 
selected in the scan path. Data appearing at the device input terminals is captured in the input BSCs, while data 
appearing at the outputs of the normal on-chip logic is captured in the output BSCs. The device operates in the 
normal mode. 

control boundary to high impedance 

This instruction conforms to the IEEE Standard 11 49.1 a-1 993 HIGHZ instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. The device 
operates in a modified test mode in which all device output terminals are placed in the high-impedance state, 
the device input terminals remain operational, and the normal on-chip logic function is performed. 

control boundary to 1/0 

This instruction conforms to the IEEE Standard 1149.1a-1993 CLAMP instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. Data in the input 
BSCs is applied to the inputs of the normal on-chip logic, while data in the output BSCs is applied to the device 
output terminals. The device operates in the test mode. 

boundary run test 

The bypass register is selected in the scan path. A logic 0 value is captured in the bypass register during 
Capture-DR. The device operates in the test mode. The test operation specified in the BCR is executed during 
Run-Test/Idle. The four test operations decoded by the BCR are: sample inputs/toggle outputs (TOPSIP), 
PRPG, PSA, and simultaneous PSA and PRPG (PSA/PRPG). 

boundary read 

The BSR is selected in the scan path. The value in the BSR remains unchanged during Capture-DR. This 
instruction is useful for inspecting data after a PSA operation. 

boundary self test 

The BSR is selected in the scan path. All BSCs capture the inverse of their current values during Capture-DR. 
In this way, the contents of the shadow latches may be read out to verify the integrity of both shift-register and 
shadow-latch elements of the BSR. The device operates in the normal mode. 

boundary toggle outputs 

The bypass register is selected in the scan path. A logic 0 value is captured in the bypass register during 
Capture-DR. Data in the shift register elements of the selected output BSCs is toggled on each rising edge of 
TCK in Run-Test/ldle and is then updated in the shadow latches and applied to the associated device output 
terminals on each falling edge of TCK in Run-Test/ldle. Data in the selected input BSCs remains constant and 
is applied to the inputs of the normal on-chip logic. Data appearing at the device input terminals is not captured 
in the input BSCs. The device operates in the test mode. 

boundary-control register scan 

The BCR is selected in the scan path. The value in the BCR remains unchanged during Capture-DR. This 
operation must be performed before a boundary run test operation in order to specify which test operation is 
to be executed. 
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boundary-control register opcode description 

The BCR opcodes are decoded from BCR bits 1 -0 as shown in Table 3. The selected test operation is 
performed while the RUNT instruction is executed in the Run-Test/Idle state. The following descriptions detail 
the operation of each BCR instruction and illustrate the associated PSA and PRPG algorithms. 



Table 3. Boundary-Control Register Opcodes 



BINARY CODE 
BIT 1 -> BIT 0 
MSB -> LSB 


DESCRIPTION 


00 


Sample inputs/toggle outputs (TOPSIP) 


01 


Pseudo-random pattern generation /16-bit mode (PRPG) 


10 


Parallel signature analysis/ 16-bit mode (PSA) 


11 


Simultaneous PSA and PRPG/8-bit mode (PSA/PRPG) 



It should be noted, in general, that while the control input BSCs (bits 17-16) are not included in the sample, 
toggle, PSA, or PRPG algorithms, the output-enable BSC (bit 1 6 of the BSR) does control the drive state (active 
or high impedance) of the device output terminals. 

sample inputs/toggle outputs (TOPSIP) 

Data appearing at the device input terminals is captured in the shift-register elements of the input BSCs on each 
rising edge of TCK. This data is then updated in the shadow latches of the input BSCs and applied to the inputs 
of the normal on-chip logic. Data in the shift-register elements of the output BSCs is toggled on each rising edge 
of TCK, updated in the shadow latches, and applied to the device output terminals on each falling edge of TCK. 

pseudo-random pattern generation (PRPG) 

A pseudo-random pattern is generated in the shift-register elements of the BSCs on each rising edge of TCK 
and then updated in the shadow latches and applied to the device output terminals on each falling edge of TCK. 
This data is also updated in the shadow latches of the input BSCs and applied to the inputs of the normal on-chip 
logic. Figure 5 illustrates the 16-bit linear-feedback shift-register algorithm through which the patterns are 
generated. An initial seed value should be scanned into the BSR before performing this operation. A seed value 
of all zeroes will not produce additional patterns. 
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Figure 5. 16-Bit PRPG Configuration 
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parallel signature analysis (PSA) 

Data appearing at the device input terminals is compressed into a 1 6-bit parallel signature in the shift-register 
elements of the BSCs on each rising edge of TCK. This data is then updated in the shadow latches of the input 
BSCs and applied to the inputs of the normal on-chip logic. Data in the shadow latches of the output BSCs 
remains constant and is applied to the device outputs. Figure 6 illustrates the 16-bit linear-feedback 
shift-register algorithm through which the signature is generated. An initial seed value should be scanned into 
the BSR before performing this operation. 
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Figure 6. 16-Bit PSA Configuration 

simultaneous PSA and PRPG (PSA/PRPG) 

Data appearing at the device input terminals is compressed into an 8-bit parallel signature in the shift-register 
elements of the input BSCs on each rising edge of TCK. This data is then updated in the shadow latches of the 
input BSCs and applied to the inputs of the normal on-chip logic. At the same time, an 8-bit pseudo-random 
pattern is generated in the shift-register elements of the output BSCs on each rising edge of TCK, updated in 
the shadow latches, and applied to the device output terminals on each falling edge of TCK. Figure 7 illustrates 
the 8-bit linear-feedback shift-register algorithms through which the signature and patterns are generated. An 
initial seed value should be scanned into the BSR before performing this operation. A seed value of all zeroes 
will not produce additional patterns. 
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Figure 7. 8-Bit PSA/PRPG Configuration 
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timing description 

All test operations of the 'BCT8373A are synchronous to the test clock (TCK). Data on the TDI, TMS, and 
normal-function inputs is captured on the rising edge of TCK. Data appears on the TDO and normal-function 
output terminals on the falling edge of TCK. The TAP controller is advanced through its states (as shown in 
Figure 1) by changing the value of TMS on the falling edge of TCK and then applying a rising edge to TCK. 

A simple timing example is shown in Figure 8. In this example, the TAP controller begins in the Test-Logic-Reset 
state and is advanced through its states, as necessary, to perform one instruction-register scan and one 
data-register scan. While in the Shift-IR and Shift-DR states, TDI is used to input serial data and TDO is used 
to output serial data. The TAP controller is then returned to the Test-Logic-Reset state. Table 4 details the 
operation of the test circuitry during each TCK cycle. 



Table 4. Explanation of Timing Example 



TCK 
CYCLE(S) 


TAP STATE 
AFTER TCK 




1 


Test-Logic-Reset 


TMS is changed to a logic 0 value on the falling edge of TCK to begin advancing the TAP controller toward 
the desired state. 


2 


Run-Test/ldle 




3 


Select-DR-Scan 




4 


Select-IR-Scan 




5 


Capture-IR 


The IR captures the 8-bit binary value 10000001 on the rising edge of TCK as the TAP controller exits the 
Capture-IR state. 


6 


Shift-IR 


TDO becomes active and TDI is made valid on the falling edge of TCK. The first bit is shifted into the TAP on 
the rising edge of TCK as the TAP controller advances to the next state. 


7-13 


Shift-IR 


One bit is shifted into the IR on each TCK rising edge. With TDI held at a logic 1 value, the 8-bit binary value 
1 1 1 1 1 1 1 1 is serially scanned into the IR. At the same time, the 8-bit binary value 1 0000001 is serially scanned 
out of the IR via TDO. In TCK cycle 1 3, TMS is changed to a logic 1 value to end the IR scan on the next TCK 
cycle. The last bit of the instruction is shifted as the TAP controller advances from Shift-IR to Exit1-IR. 


14 


ExitMR 


TDO becomes inactive (goes to the high-impedance state) on the falling edge of TCK. 


15 


Update-IR 


The IR is updated with the new instruction (BYPASS) on the falling edge of TCK. 


16 


Select-DR-Scan 




17 


Capture-DR 


The bypass register captures a logic 0 value on the rising edge of TCK as the TAP controller exits the 
Capture-DR state. 


18 


Shift-DR 


TDO becomes active, and TDI is made valid, on the falling edge of TCK. The first bit is shiiied into the TAP 
on the rising edge of TCK as the TAP controller advances to the next state. 


19-20 


Shift-DR 


The binary value 101 is shifted in via TDI, while the binary value 010 is shifted out via TDO. 


21 


Exit1-DR 


TDO becomes inactive (goes to the high-impedance state) on the falling edge of TCK. 


22 


Update-DR 


In general, the selected data register is updated with the new data on the falling edge of TCK. 


23 


Select-DR-Scan 




24 


Select-IR-Scan 




25 


Test-Logic-Reset 


Test operation completed 
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Figure 8. Timing Example 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, Vcc -0.5 V to 7 V 

Input voltage range, V|.- Except TMS (see Note 1 ) -0.5 V to 7 V 

TMS (see Note 1 ) -0.5 V to 1 2 V 

Voltage range applied to any output in the disabled or power-off state -0.5 V to 5.5 V 

Voltage range applied to any output in the high state -0.5 V to Vcc 

Input clamp current -30 mA 

Current into any output in the low state: SN54BCT8373A (TDO) 40 mA 

SN54BCT8373A (Any Q) 96 mA 

SN74BCT8373A (TDO) 48 mA 

SN74BCT8373A (Any Q) 1 28 m A 

Maximum power dissipation at Ty\ = 55°C (in still air) (see Note 2): DW package 1 .7 W 

NT package 1 .3 W 

Storage temperature range, T s t g -65°C to 1 50°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 
NOTES: 1. The input voltage rating may be exceeded if the input clamp-current rating is observed. 

2. The maximum package power dissipation is calculated using a junction temperature of 1 50°C and a board trace length of 750 mils, 
except for the NT package, which has a trace length of zero. For more information, refer to the Package Thermal Considerations 
application note in the ABT Advanced BiCMOS Technology Data Book, literature number SCBD002. 
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recommended operating conditions 









SN54BCT8373A 


SN74BCT8373A 


UNIT 








MIN NOM 


MAX 


MIN 


NOM MAX 


vcc 


Supply voltage 




4.5 5 


5.5 


4.5 


5 5.5 


V 


V|H 


High-level input voltage 




2 


2 


V 


V|HH 


Double-high-level input voltage 


TMS 


10 


12 


10 


12 


V 


V|L 


Low-level input voltage 




0.8 


0.8 


V 


IlK 


Input clamp current 




-18 


-18 


mA 


'OH 


High-level output current 


TDO 


-3 


-3 


mA 


Any Q 


-12 


-15 


lOL 


Low-level output current 


TDO 


20 


24 


mA 


Any Q 


48 


64 


ta 


Operating free-air temperature 




-55 


125 


0 


70 


°C 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


SN54BCT8373A 


SN74BCT8373A 


UNIT 


MIN 


TYPt 


MAX 


MIN 


TYPt 


MAX 


V|K 


Vqq = 4.5 V, 


l| = -18mA 




-1.2 


-1.2 


V 






Vcc = 4 - 75 v. 


Iqh = "3 mA 




2.7 


3.4 




2.7 


3.4 








Any Q 




lOH =-3mA 


2.4 


3.4 




2.4 


3.4 








Vcc = 4.5 V 


lOH =-12mA 


2 


3.2 








VOH 






Iqh = -15 mA 




2 


3.1 




V 






Vcc = 4 -75 V, 


Iqh =-1 mA 




2.7 


3.4 




2.7 


3.4 








TDO 


V C C = 4.5 V 


lOH =-1 mA 


2.5 


3.4 




2.5 


3.4 










lOH =-3mA 


2.4 


3.3 




2.4 


3.3 








Any Q 


V C C = 4.5 V 


lOL = 48 mA 




0.38 


0.55 






vol 


lOL = 64 mA 






0.42 


0.55 


V 


TDO 


V C C = 4.5 V 


lOL = 20 mA 




0.3 


0.5 






lOL = 24 mA 






0.35 


0.5 




ii 


Vcc = 5 -5 V, 


V| = 5.5 V 




0.1 


0.1 


mA 


hH 


VCC = 5 -5 V, 


V| = 2.7 V 




-1 


-35 


-100 


-1 


-35 


-100 


HA 


l|HH 


TMS 


Vcc = 5 -5 V, 


V| = 10V 




1 


1 


mA 


IlL 


Vcc = 5 -5 V, 


V| = 0.5 V 




-30 


-70 


-200 


-30 


-70 


-200 


\iA 


>OZH 


Any Q 


V C C = 5.5 V, 


Vo = 2.7 V 




50 


50 


HA 


TDO 




-1 


-35 


-100 


-1 


-35 


-100 


bZL 


Any Q 


V C C = 5.5 V, 


Vq = 0.5 V 




-50 


-50 


HA 


TDO 




-30 


-70 


-200 


-30 


-70 


-200 


lOZPU 


Vcc = 0 to 2 V, 


Vo = 0.5 V or 2.7 V 


±250 


±250 


HA 


'OZPD 


Vcc = 2 V to 0, 


Vq = 0.5 V or 2.7 V 


±250 


±250 


HA 


'off 


vcc = o, 


V| orVo<4.5V 




±250 


±250 


HA 


ios* 


Vcc = 5.5 V, 


v 0 = o 




-100 




-225 


-100 




-225 


mA 










Outputs high 




3.5 


7.5 




3.5 


7.5 




'cc 




V C C = 5.5 V, 


Outputs open 


Outputs low 




35 


52 




35 


52 


mA 










Outputs disabled 




1.5 


3.5 




1.5 


3.5 




Cj 


V C C = 5V, 


V| = 2.5 V or 0.5 V 




10 


10 


PF 


Co 


V C C = 5V, 


Vq = 2.5 V or 0.5 V 


14 


14 


PF 



t All typical values are at Vcc = 5 V, Ta = 25°C. 

t Not more than one output should be shorted at a time, and the duration of the short circuit should not exceed one second. 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (normal mode) (see Figure 9) 









V C C = 5V, 
T A = 25°C 


SN54BCT8373A 


SN74BCT8373A 


UNIT 








MIN MAX 


MIN MAX 


MIN MAX 




tw 


Pulse duration 


LE high 


5 


5 


5 


ns 




Setup time 


Data before LEl 


3 


3 


3 


ns 


th 


Hold time 


Data after LEl 


2 


2 


2 


ns 



timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (test mode) (see Figure 9) 





VCC=5V, 
Ta = 25°C 


SN54BCT8373A 


SN74BCT8373A 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


'clock Clock frequency 


TCK 


0 20 


0 20 


0 20 


MHz 


t w Pulse duration 


TCK high or low 


25 


25 


25 


ns 


TMS double high 


50* 


50* 


50 


t su Setup time 


Any D before TCKt 


6 


6 


6 


ns 


LE or OE before TCKT 


6 


6 


6 


TDI before TCKt 


6 


6 


6 


TMS before TCKT 


12 


12 


12 


t n Hold time 


Any D after TCKt 


4.5 


4.5 


4.5 


ns 


LE or OE after TCKT 


4.5 


4.5 


4.5 


TDI after TCKT 


4.5 


4.5 


4.5 


TMS after TCKT 


0 


0 


0 


tjj Delay time 


Power up to TCKT 


100* 


100* 


100 


ns 



* On products compliant to MIL-PRF-38535, this parameter is not production tested. 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (normal mode) (see Figure 9) 



DA DA MPT CP 


FROM 
(INPUT) 


TO 
(OUTPUT) 


VCC = 5 V, 
Ta = 25°C 


SN54BCT8373A 
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tPLH 


D 
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3 


6.5 
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3 
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3 


9.5 


tPLH 


LE 
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3 
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9 


3 


11 


3 


10 


ns 
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3 
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8.5 


3* 


11 


3 


10 
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OE 
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3 


6.5 


8.5 


3 


10.5 


3 


10 


ns 
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3.5 
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3.5 


11.5 


3.5 


11 


tPHZ 


OE 
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3 


6.1 


8 


3 


10 


3 


9 


ns 


tpLZ 


2.5 


5.8 


7.5 


2.5 


9.5 


2.5 


8.5 


switching characteristics over recommended ranqes of supply voltage and operating free-air 
temperature (unless otherwise noted) (test mode) (see Figure 9) 
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3.5 
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6.5 
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PARAMETER MEASUREMENT INFORMATION 

7V(t PZL , tpLZ. O.C.) 



S1 



Open 

' (all others) 



R1 



From Output 

Under Test 

C L _±_ 
(see Note A) 



Test 
Point 



R2 



R L = R1 = R2 



From Output 

Under Test 

(see Note A) 



Test 
Point 



R1 



LOAD CIRCUIT FOR 
TOTEM-POLE OUTPUTS 



LOAD CIRCUIT FOR 
3-STATE AND OPEN-COLLECTOR OUTPUTS 



Timing Input 



tsu 



M — ►H — H- t h 



Data Input 



1.5 V 



3V 
0V 
3V 
OV 



Input 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



^1.5 V ^1.5 V 



3V 



jn.Bhaoa 

Output 



*PLH— f* >\ 



OV 



tPHL 



jfw | ^5V 



tPHL-j^ W 



vol 



Out-of-Phase 
Output 



"\ j.5V ^ L5V 



VOH 

vol 



VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES (see Note D) 



High-Level 
Pulse 



tw 



Low-Level 
Pulse 



1.5 V 



3 V 

1.5 V 

| > OV 

\j 3V 

/ 1.5 V 

J OV 



VOLTAGE WAVEFORMS 
PULSE DURATION 



Output 
Control 
(low-level enable) 



Waveform 1 
(see Note B) 



\l.5V / 1.5 V 
|\— M 4 OV 



tpZL 



U- 



5V 



H U-tRLZ 

I I - 



LZ . — vol 



tPHZ-^| [4- 0.3 V 

tPZH">i »- 

Waveform 2 V ' 

(see Note B) / 1 - 5 v 



VOH 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES, 3-STATE OUTPUTS 



NOTES: A. C|_ includes probe and jig capacitance. 

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

C. All input pulses are supplied by generators having the following characteristics: PRR < 1 0 MHz, t r = tf < 2.5 ns, duty cycle = 50%. 

D. The outputs are measured one at a time with one transition per measurement. 

E. When measuring propagation delay times of 3-state outputs, switch S1 is open. 



Figure 9. Load Circuits and Voltage Waveforms 
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• Members of the Texas Instruments 
SCOPE™ Family of Testability Products 

• Octal Test-Integrated Circuits 

• Functionally Equivalent to 'F374 and 
'BCT374 in the Normal-Function Mode 

• Compatible With the IEEE Standard 
1149.1-1990 (JTAG) Test Access Port and 
Boundary-Scan Architecture 

• Test Operation Synchronous to Test 
Access Port (TAP) 

• Implement Optional Test Reset Signal by 
Recognizing a Double-High-Level Voltage 
(10 V) on TMS Pin 

• SCOPE™ Instruction Set 

- IEEE Standard 1149.1-1990 Required 
Instructions, Optional INTEST, CLAMP, 
and HIGHZ 

- Parallel-Signature Analysis at Inputs 

- Pseudo-Random Pattern Generation 
From Outputs 

- Sample Inputs/Toggle Outputs 

• Package Options Include Plastic 
Small-Outline (DW) Packages, Ceramic 
Chip Carriers (FK), and Standard Plastic 
(NT) and Ceramic (JT) 300-mil DIPs 

description 



SN54BCT8374A . . . JT PACKAGE 
SN74BCT8374A ... DW OR NT PACKAGE 



(TOP VIEW) 


CLK[ 


1 U 


24 ] 


1Q[ 


2 


23 ] 


2Q[ 


3 


22 ] 


3Q[ 


4 


21" 


4Q[ 


5 


20 . 


GND[ 


6 


19] 


5Q[ 




is: 


6Q[ 


8 


17] 


7Q[ 


9 


16] 


8Q[ 


10 


15] 


TDO[ 


11 


14] 


TMS[ 


12 


13] 



SN54BCT8374A . . . FK PACKAGE 
(TOP VIEW) 

Q Q Q O Rq q 

CO rf K) 2 > (O N 



2D ] 5 
1D ] 6 
OE ] 7 
NC ] 8 
CLK ] 9 
1Q ] 10 
2Q ] 11 



4 3 2 1 28 27 26 



12 13 14 15 16 17 18 
r-ir-ir-imi— it-im 



25[ 8D 
24 [ TDI 
23[ TCK 
22[ NC 
21 [ TMS 
20[ TDO 
19[ 8Q 



O O Q 
co -t z 
O 



O O O O 
Z u> <o r-- 



NC - No internal connection 



The 'BCT8374A scan test devices with octal 
edge-triggered D-type flip-flops are members of 
the Texas Instruments SCOPE™ testability 
integrated-circuit family. This family of devices 
supports IEEE Standard 1149.1-1990 boundary 
scan to facilitate testing of complex circuit-board 
assemblies. Scan access to the test circuitry is 
accomplished via the 4-wire test access port 
(TAP) interface. 

In the normal mode, these devices are functionally equivalent to the 'F374 and 'BCT374 octal D-type flip-flops. 
The test circuitry can be activated by the TAP to take snapshot samples of the data appearing at the device 
terminals or to perform a self test on the boundary-test cells. Activating the TAP in normal mode does not affect 
the functional operation of the SCOPE™ octal flip-flops. 

In the test mode, the normal operation of the SCOPE™ octal flip-flops is inhibited and the test circuitry is enabled 
to observe and control the I/O boundary of the device. When enabled, the test circuitry can perform 
boundary-scan test operations as described in IEEE Standard 1149.1-1990. 



SCOPE is a trademark of Texas Instruments Incorporated. 



PRODUCTION DATA Information Is current as ol publication data. — Copyright © 1996, Texas Instruments Incorporated 

iSHT JF/JL — , On products compliant to MIL-PR W8W5, all parameters are tested 
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description (continued) 

Four dedicated test terminals control the operation of the test circuitry: test data input (TDI), test data output 
(TDO), test mode select (TMS), and test clock (TCK). Additionally, the test circuitry performs other testing 
functions such as parallel-signature analysis (PSA) on data inputs and pseudo-random pattern generation 
(PRPG) from data outputs. All testing and scan operations are synchronized to the TAP interface. 

The SN54BCT8374A is characterized for operation over the full military temperature range of -55°C to 1 25°C. 
The SN74BCT8374A is characterized for operation from 0°C to 70°C. 



FUNCTION TABLE 
(normal mode, each flip-flop) 



logic symbolt 



TDI 
TMS 
TCK 

OE 
CLK 

1D 
2D 
3D 
4D 
5D 
6D 
7D 
8D 
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14 
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SCAN 
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> TCK-IN 

> TCK-OUT 


11 


12 


13 

• 


2 


IN 


24 


EN 
> C1 

' r 


1 


23 


1D V 


22 


3 








4 




20 




5 




19 




7 




17 




8 




16 




9 




15 




10 











TDO 



1Q 
2Q 
3Q 
4Q 
5Q 
6Q 
7Q 
8Q 



TThis symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
Pin numbers shown are for the DW, JT, and NT packages. 
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functional block diagram 



vcc 



OE 



24 



VCC 



CLK- 



1D- 



23 



vcc 



Boundary-Scan Register 



C1 



1D 



One of Eight Channels 



1Q 



TDI 



TMS 



TCK 




VCC 



TDO 



Pin numbers shown are for the DW, JT, and NT packages. 



Texas 
Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 2-87 



SN54BCT8374A, SN74BCT8374A 
SCAN TEST DEVICES 

WITH OCTAL D-TYPE EDGE-TRIGGERED FLIP-FLOPS 

SCBS045E - JUNE 1 990 - REVISED JULY 1 996 



Terminal Functions 


TCDKJIKI Al 

1 fcrlMINAL 
NAME 


DESCRIPTION 


CLK 


Normal-function clock input. See function table for normal-mode logic. An internal pullup forces CLK to a high level if left 
unconnected. 


1D-8D 


Normal-function data inputs. See function table for normal-mode logic. Internal pullups force these inputs to a high level if 
left unconnected. 


GND 


Ground 


Ut 


Normal-function output-enable input. See function table for normal-mode logic. An internal pullup forces OE to a high level 
if left unconnected. 


1Q-8Q 


Normal-function data outputs. See function table for normal-mode logic. 


TCK 


Test clock. One of four terminals required by IEEE Standard 1 149.1-1990. Test operations of the device are synchronous to 
TCK. Data is captured on the rising edge of TCK and outputs change on the falling edge of TCK. An internal pullup forces 
TCK to a high level if left unconnected. 


TDI 


Test data input. One of four terminals required by IEEE Standard 1 1 49. 1 -1 990. TDI is the serial input for shifting data through 
the instruction register or selected data register. An internal pullup forces TDI to a high level if left unconnected. 


TDO 


Test data output. One of four terminals required by IEEE Standard 1149.1-1990. TDO is the serial output for shifting data 
through the instruction register or selected data register. An internal pullup forces TDO to a high level when it is not active 
and is not driven from an external source. 


TMS 


Test mode select. One of four terminals required by IEEE Standard 1149.1-1990. TMS directs the device through its TAP 
controller states. An internal pullup forces TMS to a high level if left unconnected. TMS also provides the optional test reset 
signal of IEEE Standard 1149.1-1990. This is implemented by recognizing a third logic level, double high (V|hh). at TMS. 


v C c 


Supply voltage 



2-88 
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test architecture 

Serial-test information is conveyed by means of a 4-wire test bus, or TAP, that conforms to IEEE Standard 
1149.1-1990. Test instructions, test data, and test control signals all are passed along this serial-test bus. The 
TAP controller monitors two signals from the test bus, TCK and TMS. The TAP controller extracts the 
synchronization (TCK) and state control (TMS) signals from the test bus and generates the appropriate on-chip 
control signals for the test structures in the device. Figure 1 shows the TAP-controller state diagram. 

The TAP controller is fully synchronous to the TCK signal. Input data is captured on the rising edge of TCK, and 
output data changes on the falling edge of TCK. This scheme ensures that data to be captured is valid for fully 
one-half of the TCK cycle. 

The functional block diagram shows the IEEE Standard 1149.1-1990 4-wire test bus and boundary-scan 
architecture and the relationship among the test bus, the TAP controller, and the test registers. As shown, the 
device contains an 8-bit instruction register and three test-data registers: an 1 8-bit boundary-scan register, a 
2-bit boundary-control register, and a 1 -bit bypass register. 



TMS = H 



TMS = L 




Test-Logic-Reset V* 



> 



TMS = L 



Run-Test/Idle 



>tms = H y 



Select-DR-Scan 



> 



TMS = H 



< 



Select-IR-Scan 



TMS = L 



Capture-DR 




TMS = H TMS = H 



TMS = L 



Shift-DR 



> 
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Exlt1-DR 




> 



TMS = L 



Pause-DR 



> 



TMS = H 



Exlt2-DR 
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< 
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Capture-IR 



< 



TMS = L 
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< 
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TMS = H 



ExItUR 
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Pause-IR 
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< 
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TMS = L 
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Figure 1. TAP-Controller State Diagram 
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state diagram description 

The TAP controller is a synchronous finite state machine that provides test control signals throughout the device. 
The state diagram shown in Figure 1 is in accordance with IEEE Standard 1149.1-1990. The TAP controller 
proceeds through its states based on the level of TMS at the rising edge of TCK. 

As shown, the TAP controller consists of 1 6 states. There are six stable states (indicated by a looping arrow in 
the state diagram) and ten unstable states. A stable state is a state the TAP controller can retain for consecutive 
TCK cycles. Any state that does not meet this criterion is an unstable state. 

There are two main paths through the state diagram: one to access and control the selected data register and 
one to access and control the instruction register. Only one register can be accessed at a time. 

Test-Logic-Reset 

The device powers up in the Test-Logic-Reset state. In the stable Test-Logic-Reset state, the test logic is reset 
and is disabled so that the normal logic function of the device is performed. The instruction register is reset to 
an opcode that selects the optional IDCODE instruction, if supported, or the BYPASS instruction. Certain data 
registers also can be reset to their power-up values. 

The state machine is constructed such that the TAP controller returns to the Test-Logic-Reset state in no more 
than five TCK cycles if TMS is left high. The TMS pin has an internal pullup resistor that forces it high if left 
unconnected or if a board defect causes it to be open circuited. 

For the 'BCT8374A, the instruction register is reset to the binary value 11111111 , which selects the BYPASS 
instruction. The boundary-control register is reset to the binary value 1 0, which selects the PSA test operation. 

Run-Test/ Idle 

The TAP controller must pass through the Run-Test/Idle state (from Test-Logic-Reset) before executing any test 
operations. The Run-Test/Idle state also can be entered following data-register or instruction-register scans. 
Run-Test/Idle is a stable state in which the test logic may be actively running a test or may be idle. 

The test operations selected by the boundary-control register are performed while the TAP controller is in the 
Run-Test/ldle state. 

Select-DR-Scan, Select-IR-Scan 

No specific function is performed in the Select-DR-Scan and Select-IR-Scan states, and the TAP controller exits 
either of these states on the next TCK cycle. These states allow the selection of either data-register scan or 
instruction-register scan. 

Capture-DR 

When a data register scan is selected, the TAP controller must pass through the Capture-DR state. In the 
Capture-DR state, the selected data register may capture a data value as specified by the current instruction. 
Such capture operations occur on the rising edge of TCK, upon which the TAP controller exits the 
Capture-DR state. 

Shift-DR 

Upon entry to the Shift-DR state, the data register is placed in the scan path between TDI and TDO and, on the 
first falling edge of TCK, TDO goes from the high-impedance state to an active state. TDO enables to the logic 
level present in the least-significant bit of the selected data register. 

While in the stable Shift-DR state, data is serially shifted through the selected data register on each TCK cycle. 
The first shift occurs on the first rising edge of TCK after entry to the Shift-DR state (i.e., no shifting occurs during 
the TCK cycle in which the TAP controller changes from Capture-DR to Shift-DR or from Exit2-DR to Shift-DR). 
The last shift occurs on the rising edge of TCK, upon which the TAP controller exits the Shift-DR state. 
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Exit1-DR, Exit2-DR 

The Exit1-DR and Exit2-.DR states are temporary states that end a data-register scan. It is possible to return 
to the Shift-DR state from either Exit1-DR or Exit2-DR without recapturing the data register. 

On the first falling edge of TCK after entry to Exit1-DR, TDO goes from the active state to the 
high-impedance state. 

Pause-DR 

No specific function is performed in the stable Pause-DR state, in which the TAP controller can remain 
indefinitely. The Pause-DR state suspends and resumes data-register scan operations without loss of data. 

Update-DR 

If the current instruction calls for the selected data register to be updated with current data, then such update 
occurs on the falling edge of TCK, following entry to the Update-DR state. 

Capture-IR 

When an instruction register scan is selected, the TAP controller must pass through the Capture-IR state. In 
the Capture-IR state, the instruction register captures its current status value. This capture operation occurs 
on the rising edge of TCK, upon which the TAP controller exits the Capture-IR state. 

For the 'BCT8374A, the status value loaded in the Capture-IR state is the fixed binary value 1 0000001 . 

Shift-IR 

Upon entry to the Shift-IR state, the instruction register is placed in the scan path between TDI and TDO and, 
on the first falling edge of TCK, TDO goes from the high-impedance state to an active state. TDO enables to 
the logic level present in the least-significant bit of the instruction register. 

While in the stable Shift-IR state, instruction data is serially shifted through the instruction register on each TCK 
cycle. The first shift occurs on the first rising edge of TCK after entry to the Shift-IR state (i.e., no shifting occurs 
during the TCK cycle in which the TAP controller changes from Capture-IR to Shift-IR or from Exit2-IR to 
Shift-IR). The last shift occurs on the rising edge of TCK, upon which the TAP controller exits the Shift-IR state. 

Exitl-IR, Exit2-IR 

The Exit"! -I R and Exit2-IR states are temporary states that end an instruction-register scan. It is possible to 
return to the Shift-IR state from either Exit1-IR or Exit2-IR without recapturing the instruction register. 

On the first falling edge of TCK after entry to Exit1-IR, TDO goes from the active state to the 
high-impedance state. 

Pause-IR 

No specific function is performed in the stable Pause-IR state, in which the TAP controller can remain 
indefinitely. The Pause-IR state suspends and resumes instruction-register scan operations without loss 
of data. 

Update-IR 

The current instruction is updated and takes effect on the falling edge of TCK following entry to the 
Update-IR state. 
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register overview 

With the exception of the bypass register, any test register may be thought of as a serial-shift register with a 
shadow latch on each bit. The bypass register differs in that it contains only a shift register. During the 
appropriate capture state (Capture-IR for instruction register, Capture-DR for data registers), the shift register 
may be parallel loaded from a source specified by the current instruction. During the appropriate shift state 
(Shift-IR or Shift-DR), the contents of the shift register are shifted out from TDO while new contents are shifted 
in at TDI. During the appropriate update state (Update-IR or Update-DR), the shadow latches are updated from 
the shift register. 

instruction register description 

The instruction register (IR) is eight bits long and tells the device what instruction is to be executed. Information 
contained in the instruction includes the mode of operation (either normal mode, in which the device performs 
its normal logic function, or test mode, in which the normal logic function is inhibited or altered), the test operation 
to be performed, which of the three data registers is to be selected for inclusion in the scan path during 
data-register scans, and the source of data to be captured into the selected data register during Capture-DR. 

Table 2 lists the instructions supported by the 'BCT8374A. The even-parity feature specified for SCOPE™ 
devices is not supported in this device. Bit 7 of the instruction opcode is a don't-care bit. Any instructions that 
are defined for SCOPE™ devices but are not supported by this device default to BYPASS. 

During Capture-IR, the IR captures the binary value 1 0000001 . As an instruction is shifted in, this value is shifted 
out via TDO and can be inspected as verification that the IR is in the scan path. During Update-IR, the value 
that has been shifted into the IR is loaded into shadow latches. At this time, the current instruction is updated 
and any specified mode change takes effect. At power up or in the Test-Logic-Reset state, the IR is reset to the 
binary value 11111111, which selects the BYPASS instruction. The IR order of scan is shown in Figure 2. 



Bit 7 
(MSB) 
Don't 
Care 




Bit 6 




Bit 5 




Bit 4 




Bit 3 




Bit 2 




Bit 1 




BItO 
(LSB) 


— ► 


— ► 


— ► 


— ► 


— ► 


— ► 


— ► 



Figure 2. instruction Register Order of Scan 
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data register description 
boundary-scan register 

The boundary-scan register (BSR) is 18 bits long. It contains one boundary-scan cell (BSC) for each 
normal-function input pin and one BSC for each normal-function output pin. The BSR is used to 1) store test 
data that is to be applied internally to the inputs of the normal on-chip logic and/or externally to the device output 
terminals, and/or 2) to capture data that appears internally at the outputs of the normal on-chip logic and/or 
externally at the device input terminals. 

The source of data to be captured into the BSR during Capture-DR is determined by the current instruction. The 
contents of the BSR may change during Run-Test/Idle as determined by the current instruction. The contents 
of the BSR are not changed in Test-Logic-Reset. 

The BSR order of scan is from TDI through bits 1 7-0 to TDO. Table 1 shows the BSR bits and their associated 
device pin signals. 



Table 1. Boundary-Scan Register Configuration 



BSR BIT 
NUMBER 


DEVICE 
SIGNAL 


BSR BIT 
NUMBER 


DEVICE 
SIGNAL 


BSR BIT 
NUMBER 


DEVICE 
SIGNAL 


17 


CLK 


15 


1D 


7 


1Q 


16 


OE 


14 


2D 


6 


2Q 






13 


3D 


5 


3Q 






12 


4D 


4 


4Q 






11 


5D 


3 


5Q 






10 


6D 


2 


6Q 






9 


7D 


1 


7Q 






8 


8D 


0 


8Q 



boundary-control register 

The boundary-control register (BCR) is two bits long. The BCR is used in the context of the RUNT instruction 
to implement additional test operations not included in the basic SCOPE™ instruction set. Such operations 
include PRPG and PSA. Table 3 shows the test operations that are decoded by the BCR. 

During Capture-DR, the contents of the BCR are not changed. At power up or in Test-Logic-Reset, the BCR is 
reset to the binary value 1 0, which selects the PSA test operation. The BCR order of scan is shown in Figure 3. 



TDI 





Bit 1 
(MSB) 




BItO 
(LSB) 




► 


-> 


► 



-> TDO 



Figure 3. Boundary-Control Register Order of Scan 
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bypass register 

The bypass register is a 1-bit scan path that can be selected to shorten the length of the system scan path, 
thereby reducing the number of bits per test pattern that must be applied to complete a test operation. 

During Capture-DR, the bypass register captures a logic 0. The bypass register order of scan is shown in 
Figure 4. 





BltO 




► 


► 



Figure 4. Bypass Register Order of Scan 

instruction-register opcode description 

The instruction-register opcodes are shown in Table 2. The following descriptions detail the operation of 
each instruction. 



Table 2. Instruction-Register Opcodes 



BINARY CODEt 
BIT 7 -» BIT 0 
MSB -> LSB 


SCOPE OPCODE 


DESCRIPTION 


SELECTED DATA 
REGISTER 


MODE 


xooooooo 


EXTEST/INTEST 


Boundary scan 


Boundary scan 


Test 


X0000001 


BYPASS* 


Bypass scan 


Bypass 


Normal 


X0000010 


SAMPLE/PRELOAD 


Sample boundary 


Boundary scan 


Normal 


X0000011 


INTEST/EXTEST 


Boundary scan 


Boundary scan 


Test 


X0000100 


BYPASS* 


Bypass scan 


Bypass 


Normal 


X0000101 


BYPASS* 


Bypass scan 


Bypass 


Normal 


X0000110 


HIGHZ (TRIBYP) 


Control boundary to high impedance 


Bypass 


Modified test 


X0000111 


CLAMP (SETBYP) 


Control boundary to 1/0 


Bypass 


Test 


X0001000 


BYPASS* 


Bypass scan 


Bypass 


Normal 


X0001001 


RUNT 


Boundary run test 


Bypass 


Test 


X0001010 


READBN 


Boundary read 


Boundary scan 


Normal 


X0001011 


READBT 


Boundary read 


Boundary scan 


Test 


X0001100 


CELLTST 


Boundary self test 


Boundary scan 


Normal 


X0001101 


TOPHIP 


Boundary toggle outputs 


Bypass 


Test 


X0001110 


SCANCN 


Boundary-control register scan 


Boundary control 


Normal 


X0001111 


SCANCT 


Boundary-control register scan 


Boundary control 


Test 


All others 


BYPASS 


Bypass scan 


Bypass 


Normal 



t Bit 7 is a don't-care bit; X = don't care. 
*The BYPASS instruction is executed in lieu of a SCOPF M instruction that is not supported in the 'BCT8374A. 

boundary scan 



This instruction conforms to the IEEE Standard 1149.1-1990 EXTEST and INTEST instructions. The BSR is 
selected in the scan path. Data appearing at the device input terminals is captured in the input BSCs, while data 
appearing at the outputs of the normal on-chip logic is captured in the output BSCs. Data that has been scanned 
into the input BSCs is applied to the inputs of the normal on-chip logic, while data that has been scanned into 
the output BSCs is applied to the device output terminals. The device operates in the test mode. 
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bypass scan 

This instruction conforms to the IEEE Standard 1149.1-1990 BYPASS instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. The device 
operates in the normal mode. 

sample boundary 

This instruction conforms to the IEEE Standard 1149.1-1990 SAMPLE/PRELOAD instruction. The BSR is 
selected in the scan path. Data appearing at the device input terminals is captured in the input BSCs, while data 
appearing at the outputs of the normal on-chip logic is captured in the output BSCs. The device operates in the 
normal mode. 

control boundary to high impedance 

This instruction conforms to the IEEE Standard 11 49.1 a-1 993 HIGHZ instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. The device 
operates in a modified test mode in which all device output terminals are placed in the high-impedance state, 
the device input terminals remain operational, and the normal on-chip logic function is performed. 

control boundary to 1/0 

This instruction conforms to the IEEE Standard 11 49.1 a-1 993 CLAMP instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. Data in the input 
BSCs is applied to the inputs of the normal on-chip logic, while data in the output BSCs is applied to the device 
output terminals. The device operates in the test mode. 

boundary run test 

The bypass register is selected in the scan path. A logic 0 value is captured in the bypass register during 
Capture-DR. The device operates in the test mode. The test operation specified in the BCR is executed during 
Run-Test/ldle. The four test operations decoded by the BCR are: sample inputs/toggle outputs (TOPSIP), 
PRPG, PSA, and simultaneous PSA and PRPG (PSA/PRPG). 

boundary read 

The BSR is selected in the scan path. The value in the BSR remains unchanged during Capture-DR. This 
instruction is useful for inspecting data after a PSA operation. 

boundary self test 

The BSR is selected in the scan path. All BSCs capture the inverse of their current values during Capture-DR. 
In this way, the contents of the shadow latches may be read out to verify the integrity of both shift-register and 
shadow-latch elements of the BSR. The device operates in the normal mode. 

boundary toggle outputs 

The bypass register is selected in the scan path. A logic 0 value is captured in the bypass register during 
Capture-DR. Data in the shift register elements of the selected output BSCs is toggled on each rising edge of 
TCK in Run-Test/Idle and is then updated in the shadow latches and applied to the associated device output 
terminals on each falling edge of TCK in Run-Test/ldle. Data in the selected input BSCs remains constant and 
is applied to the inputs of the normal on-chip logic. Data appearing at the device input terminals is not captured 
in the input BSCs. The device operates in the test mode. 

boundary-control-register scan 

The BCR is selected in the scan path. The value in the BCR remains unchanged during Capture-DR. This 
operation must be performed before a boundary-run test operation to specify which test operation is to 
be executed. 
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boundary-control-register opcode description 

The BCR opcodes are decoded from BCR bits 1 -0 as shown in Table 3. The selected test operation is performed 
while the RUNT instruction is executed in the Run-Test/Idle state. The following descriptions detail the operation 
of each BCR instruction and illustrate the associated PSA and PRPG algorithms. 



Table 3. Boundary-Control Register Opcodes 



BINARY CODE 
BIT 1 -> BIT 0 
MSB -> LSB 


DESCRIPTION 


00 


Sample inputs/toggle outputs (TOPSIP) 


01 


Pseudo-random pattern generation/1 6-bit mode (PRPG) 


10 


Parallel-signature analysis/1 6-bit mode (PSA) 


11 


Simultaneous PSA and PRPG/8-bit mode (PSA/PRPG) 



It should be noted, in general, that while the control input BSCs (bits 17-16) are not included in the sample, 
toggle, PSA, or PRPG algorithms, the output-enable BSC (bit 1 6 of the BSR) does control the drive state (active 
or high impedance) of the device output terminals. 

sample inputs/toggle outputs (TOPSIP) 

Data appearing at the device input terminals is captured in the shift-register elements of the input BSCs on each 
rising edge of TCK. This data is then updated in the shadow latches of the input BSCs and applied to the inputs 
of the normal on-chip logic. Data in the shift register elements of the output BSCs is toggled on each rising edge 
of TCK, updated in the shadow latches, and applied to the device output terminals on each falling edge of TCK. 

pseudo-random pattern generation (PRPG) 

A pseudo-random pattern is generated in the shift-register elements of the BSCs on each rising edge of TCK 
and then updated in the shadow latches and applied to the device output terminals on each falling edge of TCK. 
This data also is updated in the shadow latches of the input BSCs and applied to the inputs of the normal on-chip 
logic. Figure 5 shows the 16-bit linear-feedback shift-register algorithm through which the patterns are 
generated. An initial seed value should be scanned into the BSR before performing this operation. A seed value 
of all zeroes will not produce additional patterns. 
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Figure 5. 16-Bit PRPG Configuration 
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parallel-signature analysis (PSA) 

Data appearing at the device input terminals is compressed into a 16-bit parallel signature in the shift-register 
elements of the BSCs on each rising edge of TCK. This data is then updated in the shadow latches of the input 
BSCs and applied to the inputs of the normal on-chip logic. Data in the shadow latches of the output BSCs 
remains constant and is applied to the device outputs. Figure 6 shows the 1 6-bit linear-feedback shift-register 
algorithm through which the signature is generated. An initial seed value should be scanned into the BSR before 
performing this operation. 
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Figure 6. 16-Bit PSA Configuration 



simultaneous PSA and PRPG (PSA/PRPG) 

Data appearing at the device input terminals is compressed into an 8-bit parallel signature in the shift-register 
elements of the input BSCs on each rising edge of TCK. This data is then updated in the shadow latches of the 
input BSCs and applied to the inputs of the normal on-chip logic. At the same time, an 8-bit pseudo-random 
pattern is generated in the shift-register elements of the output BSCs on each rising edge of TCK, updated in 
the shadow latches, and applied to the device output terminals on each falling edge of TCK. Figure 7 shows 
the 8-bit linear-feedback shift-register algorithm through which the signature and patterns are generated. An 
initial seed value should be scanned into the BSR before performing this operation. A seed value of all zeroes 
will not produce additional patterns. 
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Figure 7. 8-Bit PSA/PRPG Configuration 
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timing description 

All test operations of the 'BCT8374A are synchronous to TCK. Data on the TDI , TMS, and normal-function inputs 
is captured on the rising edge of TCK. Data appears on the TDO and normal-function output terminals on the 
falling edge of TCK. The TAP controller is advanced through its states (as shown in Figure 1) by changing the 
value of TMS on the falling edge of TCK and then applying a rising edge to TCK. 

A simple timing example is shown in Figure 8. In this example, the TAP controller begins in the Test-Logic-Reset 
state and is advanced through its states as necessary to perform one instruction-register scan and one 
data-register scan. While in the Shift-IR and Shift-DR states, TDI is used to input serial data and TDO is used 
to output serial data. The TAP controller is then returned to the Test-Logic-Reset state. Table 4 explains the 
operation of the test circuitry during each TCK cycle. 



Table 4. Explanation of Timing Example 



TCK 
CYCLE(S) 


TAP STATE 
AFTER TCK 


DESCRIPTION 


1 


Test-Logic-Reset 


TMS is changed to a logic 0 value on the falling edge of TCK to begin advancing the TAP controller toward 
the desired state. 


2 


Run-Test/Idle 




3 


Select-DR-Scan 




4 


Select-IR-Scan 




5 


Capture-IR 


The IR captures the 8-bit binary value 10000001 on the rising edge of TCK as the TAP controller exits the 
Capture-IR state. 


6 


Shift-IR 


TDO becomes active and TDI is made valid on the falling edge of TCK. The first bit is shifted into the TAP 
on the rising edge of TCK as the TAP controller advances to the next state. 


7-13 


Shift-IR 


One bit is shifted into the IR on each TCK rising edge. With TDI held at a logic 1 value, the 8-bit binary value 
1 1 1 1 1 1 1 1 is serially scanned into the IR. At the same time, the 8-bit binary value 1 0000001 is serially scanned 
out of the IR via TDO. In TCK cycle 13, TMS is changed to a logic 1 value to end the IR scan on the next 
TCK cycle. The last bit of the instruction is shifted as the TAP controller advances from Shift-IR to Exft1-IR. 


14 


ExitMR 


TDO becomes inactive (goes to the high-impedance state) on the falling edge of TCK. 


15 


Update-IR 


The IR is updated with the new instruction (BYPASS) on the falling edge of TCK. 


16 


Select-DR-Scan 




17 


Capture-DR 


The bypass register captures a logic 0 value on the rising edge of TCK as the TAP controller exits the 
Capture-DR state. 


18 


Shift-DR 


TDO becomes active and TDI is made valid on the falling edge of TCK. The first bit is shifted into the TAP 
on the rising edge of TCK as the TAP controller advances to the next state. 


19-20 


Shift-DR 


The binary value 101 is shifted in via TDI, while the binary value 010 is shifted out via TDO. 


21 


Exit1-DR 


TDO becomes inactive (goes to the high-impedance state) on the falling edge of TCK. 


22 


Update-DR 


In general, the selected data register is updated with the new data on the falling edge of TCK. 


23 


Select-DR-Scan 




24 


Select-IR-Scan 




25 


Test-Logic-Reset 


Test operation completed 
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3-State (TDO) or Don't Care (TDI) 
Figure 8. Timing Example 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, V<x -0-5 V to 7 V 

Input voltage range, V|: except TMS (see Note 1) -0.5 V to 7 V 

TMS (see Note 1) -0.5 V to 12 V 

Voltage range applied to any output in the disabled or power-off state -0.5 V to 5.5 V 

Voltage range applied to any output in the high state -0.5 V to Vqc 

Input clamp current, l||< -30 mA 

Current into any output in the low state: SN54BCT8374A (TDO) 40 mA 

SN54BCT8374A (any Q) 96 mA 

SN74BCT8374A (TDO) 48 mA 

SN74BCT8374A (any Q) 128 mA 

Maximum power dissipation at Ta = 55°C (in still air) (see Note 2): DW package 1 .7 W 

NT package 1 .3 W 

Storage temperature range, T s t g -65°C to 150°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 
NOTES: 1 . The input voltage rating may be exceeded if the input clamp-current rating is observed. 

2. The maximum package power dissipation is calculated using a junction temperature of 1 50°C and a board trace length of 750 mils, 
except for the NT package, which has a trace length of zero. For more information, refer to the Package Thermal Considerations 
application note in the ABT Advanced BiCMOS Technology Data Book, literature number SCBD002. 



Texas 
Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 2-99 



SN54BCT8374A, SN74BCT8374A 
SCAN TEST DEVICES 

WITH OCTAL D-TYPE EDGE-TRIGGERED FLIP-FLOPS 

SCBS045E - JUNE 1990- REVISED JULY 1996 



recommended operating conditions 









SN54BCT8374A 


SN74BCT8374A 


UNIT 








MIN NOM 


MAX 


MIN 


NOM MAX 


v v_>0 


Supply voltage 




4.5 5 


5.5 


4.5 


5 5.5 


v 


V|H 


High-level input voltage 




2 


2 


V 


V|HH 


Double-high-level input voltage 


TMS 


10 


12 


10 


12 


V 


VIL 


Low-level input voltage 




0.8 


0.8 


V 


IlK 


Input clamp current 




-18 


-18 


mA 


'OH 


High-level output current 


TDO 


-3 


-3 


mA 


Any Q 


-12 


-15 


lOL 


Low-level output current 


TDO 


20 


24 


mA 


Any Q 


48 


64 


TA 


Operating free-air temperature 




-55 


125 


0 


70 


°C 



2-100 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


SN54BCT8374A 


SN74BCT8374A 


UNIT 


MIN 


TYPt 


MAX 


MIN 


TYPt 


MAX 


V|K 


V CC v > 


l|=-18mA 




-1.2 


-1.2 


V 






\Jrr< = 4 75 V 


Iqh = -3 mA 




2.7 


3.4 




2.7 


3.4 








Any Q 




lOH = -3 mA 


2.4 


3.4 




2.4 


3.4 










lOH = -12 mA 


2 


3.2 








VOH 






Iqh = _15 mA 




2 


3.1 




V 






Vcc = 4 -75 V, 


Iqh = ~ 1 mA 




2.7 


3.4 




2.7 


3.4 








TDO 


Vcc = 4.5 V 


lOH = -1 mA 


2.5 


3.4 




2.5 


3.4 










Iqh = -3 mA 


2.4 


3.3 




2.4 


3.3 








Any Q 


VCC = 4.5 V 


lOL = 48 mA 




0.38 


0.55 






vol 


lOL = 64 mA 






0.42 


0.55 


V 


TDO 


VCC = 4.5 V 


lOL = 20 mA 




0.3 


0.5 






Iql = 24 mA 






0.35 


0.5 




ii 


VCC = 5 -5 V, 


V| = 5.5 V 




0.1 


0.1 


mA 


l|H 


Vcc = 5-5 V, 


V| = 2.7 V 




-1 


-35 


-100 


-1 


-35 


-100 


^A 


>IHH 


TMS 


Vcc = 5-5 V, 


V| = 10V 




1 


1 


mA 


IlL 


VCC = 5-5 V, 


V| = 0.5 V 




-30 


-70 


-200 


-30 


-70 


-200 


IlA 


>OZH 


Any Q 


Vcc = 5.5 V, 


Vo = 2.7V 




50 


50 


jiA 


TDO 




-1 


-35 


-100 


-1 


-35 


-100 


'OZL 


Any Q 


V C C = 5-5 V, 


Vq = 0.5 V 




-50 


-50 


jiA 


TDO 




-30 


-70 


-200 


-30 


-70 


-200 


'OZPU 


Vcc = 0 to 2 V, 


Vq = 0.5 V or 2.7 V 


±250 


±250 


HA 


'OZPD 


Vcc = 2 V to 0, 


Vq = 0.5 V or 2.7 V 


±250 


±250 


HA 


'off 


Vcc = o, 


V| or Vo<4.5V 




±250 


±250 


HA 


ios* 


Vcc = 5.5 V, 


v 0 = o 




-100 




-225 


-100 




-225 


mA 










Outputs high 




3.5 


7 




3.5 


7 




'cc 




Vcc = 5.5 V, 


Outputs open 


Outputs low 




35 


52 




35 


52 


mA 










Outputs disabled 




1.5 


3.5 




1.5 


3.5 




Cj 


VCC = 5V, 


V|= 2.5 V or 0.5 V 


10 


10 


PF 


Co 


V C C = 5 V, 


V Q = 2.5Vor 0.5 V 


14 


14 


PF 



t All typical values are at Vcc = 5 V, Ty\ = 25°C. 
* Not more than one output should be shorted at a time, and the duration of the short circuit should not exceed one second. 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (normal mode) (see Figure 9) 





V C C = 5 V, 
Ta = 25°C 


SN54BCT8374A 


SN74BCT8374A 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


'clock Clock frequency 


CLK 


0 70 


0 70 


0 70 


MHz 


t w Pulse duration 


CLK high or low 


5 


5 


5 


ns 


t su Setup time 


Data before CLKT 


3 


3 


3 


ns 


t n Hold time 


Data after CLKT 


2 


2 


2 


ns 


timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (test mode) (see Figure 9) 




V C C = 5 V, 
Ta = 25°C 


SN54BCT8374A 


SN74BCT8374A 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


'clock Clock frequency 


TCK 


0 20 


0 20 


0 20 


MHz 


t w Pulse duration 


TCK high or low 


25 


25 


25 


ns 


TMS double high 


50* 


50* 


50 


t su Setup time 


Any D before TCK? 


6 


6 


6 


ns 


CLK or OE before TCKT 


6 


6 


6 


TDI before TCKT 


6 


6 


6 


TMS before TCKT 


12 


12 


12 


t n Hold time 


Any D after TCKT 


4.5 


4.5 


4.5 


ns 


CLK or OE after TCKT 


4.5 


4.5 


4.5 


TDI after TCKT 


4.5 


4.5 


4.5 


TMS after TCKT 


0 


0 


0 


td Delay time 


Power up to TCKT 


100* 


100* 


100 


ns 



* On products compliant to MIL-PRF-38535, this parameter is not production tested. 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (normal mode) (see Figure 9) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V C C = 5V, 
Ta = 25°C 


SN54BCT8374A 


SN74BCT8374A 


UNIT 




MIN 


TYP 


MAX 


MIN 


MAX 


MIN 


MAX 




'max 


CLK 




70 


70 


70 


MHz 


tPLH 


CLK 


Q 


3 


6.7 


8.5 


3 


10.5 


3 


10 


ns 


tPHL 


3 


6.4 


8 


3 


10 


3 


9.5 


tpZH 


OE 


Q 


3 


6.5 


8.5 


3 


10.5 


3 


10 


ns 


tpZL 


3.5 


7.5 


9.5 


3.5 


12.5 


3.5 


11 


tPHZ 


OE 


Q 


3 


6.1 


8 


3 


10 


3 


9 


ns 


tPLZ 


2.5 


5.8 


7.5 


2.5 


9.5 


2.5 


8.5 


switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (test mode) (see Figure 9) 


PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


VCC = 5V, 
Ta = 25°C 


SN54BCT8374A 


SN74BCT8374A 


UNIT 




MIN 


TYP 


MAX 


MIN 


MAX 


MIN 


MAX 




'max 


TCK 




20 


20 


20 


MHz 


tPLH 


TCKi 


Q 


6 


13 


15.5 


6 


21.5 


6 


20 


ns 


tPHL 


6 


12.5 


15.5 


6 


21.5 


6 


20 


tPLH 


TCKi 


TDO 


3.5 


7.6 


10.5 


3.5 


14 


3.5 


13 


ns 


tPHL 


3.5 


8 


10.5 


3.5 


13 


3.5 


12 


tPLH 


TCKt 


Q 


7.5 


16.5 


20 


7.5 


28 


7.5 


24 


ns 


tPHL 


7.5 


17 


21 


7.5 


29 


7.5 


25 


tpZH 


TCKi 


Q 


6.5 


14 


17 


6.5 


24 


6.5 


21 


ns 


IPZL 


7 


15 


20 


7 


26 


7 


23 


tpZH 


TCKi 


TDO 


3.5 


7.6 


10.5 


3.5 


11.5 


3.5 


11 


ns 


tpZL 


4 


8.5 


11 


4 


13.5 


4 


12.5 


tpZH 


TCKt 


Q 


8 


18 


22 


8 


30 


8 


27 


ns 


tpZL 


8 


19 


25 


8 


32 


8 


29 


tPHZ 


TCKi 


Q 


6 


14 


18 


6 24 


6 22 


ns 


tPLZ 


6 


14 


17 


6 23 


6 


21 


tPHZ 


TCKI 


TDO 


3 


8 


11.5 


3 


13 


3 


12.5 


ns 


tPLZ 


3 


7.5 


10 


3 


13 


3 


12 


tPHZ 


TCKt 


Q 


8 


18.5 


22 


8 


31 


8 


27 


ns 


tPLZ 


8 


18.5 


22 


8 


31 


8 


27 
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PARAMETER MEASUREMENT INFORMATION 



7V(tp ZL ,tpLZ.O.C.) 

S1 



Open 
(all others) 



R1 



From Output 

Under Test 

(see Note A) 



Test 
Point 



R2 



R L = R1 s R2 



Under Test 


p 




CL - 
(see Note A) 




> R1 



Test 
Point 



LOAD CIRCUIT FOR 
3-STATE AND OPEN-COLLECTOR OUTPUTS 



LOAD CIRCUIT FOR 
TOTEM-POLE OUTPUTS 



Timing Input 



Data Input 



tsu 4« — * — *h th 



1.5 V 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



3V 
0 V 
3V 
0V 



Hlgh-Level 
Pulse 



Low-Level 
Pulse 



1.5 V 



k 3 V 

5 V 

- 0V 



3V 
0V 



VOLTAGE WAVEFORMS 
PULSE DURATION 



Input 



tPLH^«- 

In-Phase j 
Output | 

h- 



^1.5 V ^1.5 V 

1 - 



Out-of-Phase 
Output 



tPHL-j« H 

.1 



J^7 



3V 



0V 



tPHL 



j V 0H 

1.5 V 

vol 
*Hplh 



\ ^1.5V jf u$V 



V 0 H 

1.5 V 

- Vql 



VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES (see Note D) 



Output 
Control 
(low-level enable) 



\ 1.5 V / 1.5 V 

N— -tt — 4 



IPZL 



Waveform 1 
(see Note B) 



Waveform 2 
(see Note B) 



3V 
0V 



,5 V 



^ k-tPLz 

-w-H— cr Vol 

tPHZ+| |«- L — 



0.3 V 



v OH 
\J— 0.3 V 



0V 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES, 3-STATE OUTPUTS 



NOTES: A. C|_ includes probe and jig capacitance. 

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

C. All input pulses are supplied by generators having the following characteristics: PRR <, 1 0 MHz, t r = tf < 2.5 ns, duty cycle = 50%. 

D. The outputs are measured one at a time with one transition per measurement. 

E. When measuring propagation delay times of 3-state outputs, switch S1 is open. 

Figure 9. Load Circuits and Voltage Waveforms 
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General Information 



i 



SN54/74BCT Octals 


2 


SN54/74ABT Octals 


"T" 


SN54/74ABT Widebus™ With Dual-Sided Terminals HQ 


SN54/74ABT Widebus™ With Quad-Sided Terminals 


5 


SN54/74LVT Widebus™ With Dual-Sided Terminals 


6 


SN54/74LVT Widebus™ With Quad-Sided Terminals WfM 


Scan-Support Functions 


8 


Mechanical Data 


9 


Technical Information 


A 



3-1 



Contents 



'ABT8245 Scan Test Devices With Octal Bus Transceivers 

'ABT8543 Scan Test Devices With Octal Registered Bus Transceivers 

'ABT8646 Scan Test Devices With Octal Bus Transceivers and Registers 

'ABT8652 Scan Test Devices With Octal Bus Transceivers and Registers 

'ABT8952 Scan Test Devices With Octal Registered Bus Transceivers 
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SCAN TEST DEVICES 
WITH OCTAL BUS TRANSCEIVERS 
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Members of the Texas Instruments 
SCOPE™ Family of Testability Products 
Compatible With the IEEE Standard 
1149.1-1990 (JTAG) Test Access Port 
and Boundary-Scan Architecture 

Functionally Equivalent to 'F245 and 
'ABT245 in the Normal-Function Mode 

SCOPE ™ Instruction Set: 

- IEEE Standard 1149.1-1990 Required 
Instructions, Optional INTEST, CLAMP, 
and HIGHZ 

- Parallel-Signature Analysis at Inputs 
With Masking Option 

- Pseudo-Random Pattern Generation 
From Outputs 

- Sample Inputs/Toggle Outputs 

- Binary Count From Outputs 

- Even-Parity Opcodes 

Two Boundary-Scan Cells per I/O for 
Greater Flexibility 

State-of-the-Art EPIC-WB™ BiCMOS Design 
Significantly Reduces Power Dissipation 

Package Options Include Plastic 
Small-Outline Packages (DW), Ceramic 
Chip Carriers(FK), and Standard Ceramic 
DIPs (JT) 



description 



SN54ABT8245 . . . JT PACKAGE 
SN74ABT8245 . . . DW PACKAGE 
(TOP VIEW) 




SN54ABT8245 . . . FK PACKAGE 
CTOP VIEW) 



n in O O co . 
< < < Z > < < 



/ uuuuuuu — 

-. 4 3 2 1 28 27 26 P 
A2 ] 5 Q 25[ A8 

A1 ] 6 24[ TDI 

OE ] 7 23[ TCK 

NC ] 8 22[ NC 

DIR ] 9 21[ TMS 

B1 ] 10 20[ TDO 

B2 ] 11 19[ B8 

12 13 14 15 16 17 18 

nnnnnnn 



.. Q O W <D 
CQ CO ^ Z 03 m m 
CD 



NC - No internal connection 



The 'ABT8245 scan test devices with octal bus 
transceivers are members of the Texas Instru- 
ments SCOPE™ testability integrated-circuit 
family. This family of devices supports IEEE 
Standard 1149.1-1990 boundary scan to facilitate 
testing of complex circuit-board assemblies. Scan 
access to the test circuitry is accomplished via the 
4-wire test access port (TAP) interface. 

In the normal mode, these devices are functionally equivalent to the 'F245 and 'ABT245 octal bus transceivers. 
The test circuitry can be activated by the TAP to take snapshot samples of the data appearing at the device pins 
or to perform a self test on the boundary-test cells. Activating the TAP in normal mode does not affect the 
functional operation of the SCOPE™ octal bus transceivers. 

Data flow is controlled by the direction-control (DIR) and output-enable (OE) inputs. Data transmission is 
allowed from the A bus to the B bus or from the B bus to the A bus, depending on the logic level at DIR. The 
output-enable (OE) input can be used to disable the device so that the buses are effectively isolated. 



SCOP^nd^PIC^nB^reJ^a^ 
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description (continued) 

In the test mode, the normal operation of the SCOPE™ bus transceivers is inhibited and the test circuitry is 
enabled to observe and control the I/O boundary of the device. When enabled, the test circuitry can perform 
boundary-scan test operations as described in IEEE Standard 1149.1-1990. 

Four dedicated test pins control the operation of the test circuitry: test data input (TDI), test data output (TDO), 
test mode select (TMS), and test clock (TCK). Additionally, the test circuitry performs other testing functions 
such as parallel-signature analysis (PSA) on data inputs and pseudo-random pattern generation (PRPG) from 
data outputs. All testing and scan operations are synchronized to the TAP interface. 

The SN54ABT8245 is characterized for operation over the full military temperature range of - 55°C to 1 25°C. 
The SN74ABT8245 is characterized for operation from -40°C to 85°C. 



FUNCTION TABLE 
(normal mode) 



INPUTS 


OPERATION 


OE DIR 


L L 
L H 
H X 


B data to A bus 
A data to B bus 
Isolation 
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functional block diagram 



of Hi- 



DIR 



A1 



23 



rl>- 



Boundary-Scan Register 



TDI 



vcc : 

14' 



TMS " 



vcc : 

12' 



One of Eight Channels 



Bypass Register 



Boundary-Control 
Register 



Instruction Register 



TCK 



TAP 
Controller 



-IS 



B1 



TDO 



Pin numbers shown are for the DW and JT packages. 
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Terminal Functions 


TERMINAL 
NAME 


DESCRIPTION 


A1-A8 


Normal-function A-bus I/O ports. See function table for normal-mode logic. 


B1-B8 


Normal-function B-bus I/O ports. See function table for normal-mode logic. 


DIR 


Normal-function direction-control input. See function table for normal-mode logic. 


GND 


Ground 


OE 


Normal-function output-enable input. See function table for normal-mode logic. 


TCK 


Test clock. One of four terminals required by IEEE Standard 1 1 49. 1 -1 990. Test operations of the device are synchronous to TCK. 
Data is captured on the rising edge of TCK and outputs change on the falling edge of TCK. 


TDI 


Test data input. One of four terminals required by IEEE Standard 1149.1-1990. TDI is the serial input for shifting data through the 
instruction register or selected data register. An internal pullup forces TDI to a high level if left unconnected. 


TDO 


Test data output. One of four terminals required by IEEE Standard 1 1 49. 1 -1 990. TDO is the serial output for shifting data through 
the instruction register or selected data register. 


TMS 


Test mode select. One of four terminals required by IEEE Standard 1149.1-1990. TMS input directs the device through its TAP 
controller states. An internal pullup forces TMS to a high level if left unconnected. 


vcc 


Supply voltage 
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test architecture 

Serial-test information is conveyed by means of a 4-wire test bus or TAP that conforms to IEEE Standard 
1149.1-1990. Test instructions, test data, and test control signals all are passed along this serial-test bus. The 
TAP controller monitors two signals from the test bus, TCK and TMS. The TAP controller extracts the 
synchronization (TCK) and state control (TMS) signals from the test bus and generates the appropriate on-chip 
control signals for the test structures in the device. Figure 1 shows the TAP-controller state diagram. 

The TAP controller is fully synchronous to the TCK signal. Input data is captured on the rising edge of TCK and 
output data changes on the falling edge of TCK. This scheme ensures data to be captured is valid for fully 
one-half of the TCK cycle. 

The functional block diagram shows the IEEE Standard 1149.1-1990 4-wire test bus and boundary-scan 
architecture and the relationship among the test bus, the TAP controller, and the test registers. As illustrated, 
the device contains an 8-bit instruction register and three test-data registers: a 36-bit boundary-scan register, 
an 11 -bit boundary-control register, and a 1-bit bypass register. 



TMS = H 



TMS = L 




Test-Logic-Reset Y* 



> 



TMS = L 



Run-Test/Idle 



>TMS = H y 



Select-DR-Scan 



> 



TMS = H 



< 



Select-IR-Scan 



TMS = L 



Capture-DR 




TMS = H TMS = H 



TMS = L 



Shlft-DR 



> 



TMS = H 



Exit1-DR 




> 



TMS = L 



Pause-DR 



> 



TMS = H 



Exlt2-DR 



y 



TMS = L 



< 



> 



TMS = H 



TMS = L 



Capture-IR 



< 



TMS = L 



Shift-IR 



< 



TMS = H 




TMS = H 



ExitMR 



< 



TMS = L 



Pause-IR 



TMS = L 



TMS = H 




Exit2-IR 



TMS = H 



Update-DR 



TMS = H 



> 



< 



TMS = H 

r 

Update-IR >+- 



TMS = L 



TMS = H 



> 



TMS = L 



Figure 1. TAP-Controiler State Diagram 
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state diagram description 

The TAP controller is a synchronous finite state machine that provides test control signals throughout the device. 
The state diagram shown in Figure 1 is in accordance with IEEE Standard 1149.1-1990. The TAP controller 
proceeds through its states based on the level of TMS at the rising edge of TCK. 

As illustrated, the TAP controller consists of 1 6 states. There are six stable states (indicated by a looping arrow 
in the state diagram) and ten unstable states. A stable state is a state the TAP controller can retain for 
consecutive TCK cycles. Any state that does not meet this criterion is an unstable state. 

There are two main paths through the state diagram: one to access and control the selected data register and 
one to access and control the instruction register. Only one register can be accessed at a time. 

Test-Logic-Reset 

The device powers up in the Test-Logic-Reset state. In the stable Test-Logic-Reset state, the test logic is reset 
and is disabled so that the normal logic function of the device is performed. The instruction register is reset to 
an opcode that selects the optional IDCODE instruction, if supported, or the BYPASS instruction. Certain data 
registers also can be reset to their power-up values. 

The state machine is constructed such that the TAP controller returns to the Test-Logic-Reset state in no more 
than five TCK cycles if TMS is left high. The TMS pin has an internal pullup resistor that forces it high if left 
unconnected or if a board defect causes it to be open circuited. 

For the 'ABT8245, the instruction register is reset to the binary value 11111111 , which selects the BYPASS 
instruction. Each bit in the boundary-scan register is reset to logic 0. The boundary-control register is reset to 
the binary value 00000000010, which selects the PSA test operation with no input masking. 

Run-Test/Idle 

The TAP controller must pass through the Run-Test/Idle state (from Test-Logic-Reset) before executing any test 
operations. The Run-Test/ldle state can also be entered following data-register or instruction-register scans. 
Run-Test/Idle is a stable state in which the test logic can be actively running a test or can be idle. 

The test operations selected by the boundary-control register are performed while the TAP controller is in the 
Run-Test/ldle state. 

Select-DR-Scan, Select-IR-Scan 

No specific function is performed in the Select-DR-Scan and Select-IR-Scan states, and the TAP controller exits 
either of these states on the next TCK cycle. These states allow the selection of either data-register scan or 
instruction-register scan. 

Capture-DR 

When a data register scan is selected, the TAP controller must pass through the Capture-DR state. In the 
Capture-DR state, the selected data register can capture a data value as specified by the current instruction. 
Such capture operations occur on the rising edge of TCK, upon which the TAP controller exits the Capture-DR 
state. 

Shift-DR 

Upon entry to the Shift-DR state, the data register is placed in the scan path between TDI and TDO and, on the 
first falling edge of TCK, TDO goes from the high-impedance state to an active state. TDO enables to the logic 
level present in the least-significant bit of the selected data register. 

While in the stable Shift-DR state, data is serially shifted through the selected data register on each TCK cycle. 
The first shift occurs on the first rising edge of TCK after entry to the Shift-DR state (i.e., no shifting occurs during 
the TCK cycle in which the TAP controller changes from Capture-DR to Shift-DR or from Exit2-DR to Shift-DR). 
The last shift occurs on the rising edge of TCK, upon which the TAP controller exits the Shift-DR state. 



1 ty Texas 
Instruments 

3-8 POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 



SN54ABT8245, SN74ABT8245 
SCAN TEST DEVICES 
WITH OCTAL BUS TRANSCEIVERS 

SCBS124D - AUGUST 1 992 - REVISED DECEMBER 1 996 



Exitl-DR, Exit2-DR 

The Exit1-DR and Exit2-DR states are temporary states end a data-register scan. It is possible to return to the 
Shift-DR state from either Exit1-DR or Exit2-DR without recapturing the data register. 

On the first falling edge of TCK after entry to Exit1-DR, TDO goes from the active state to the high-impedance 
state. 

Pause-DR 

No specific function is performed in the stable Pause-DR state, in which the TAP controller can remain 
indefinitely. The Pause-DR state suspends and resumes data-register scan operations without loss of data. 

Update-DR 

If the current instruction calls for the selected data register to be updated with current data, then such update 
occurs on the falling edge of TCK following entry to the Update-DR state. 

Capture-IR 

When an instruction-register scan is selected, the TAP controller must pass through the Capture-IR state. In 
the Capture-IR state, the instruction register captures its current status value. This capture operation occurs 
on the rising edge of TCK, upon which the TAP controller exits the Capture-IR state. 

For the 'ABT8245, the status value loaded in the Capture-IR state is the fixed binary value 10000001 . 

Shift-IR 

Upon entry to the Shift-IR state, the instruction register is placed in the scan path between TDI and TDO and, 
on the first falling edge of TCK, TDO goes from the high-impedance state to an active state. TDO enables to 
the logic level present in the least-significant bit of the instruction register. 

While in the stable Shift-IR state, instruction data is serially shifted through the instruction register on each TCK 
cycle. The first shift occurs on the first rising edge of TCK after entry to the Shift-IR state (i.e., no shifting occurs 
during the TCK cycle in which the TAP controller changes from Capture-IR to Shift-IR or from Exit2-IR to 
Shift-IR). The last shift occurs on the rising edge of TCK, upon which the TAP controller exits the Shift-IR state. 

ExitMR, Exit2-IR 

The Exit1-IR and Exit2-IR states are temporary states that end an instruction-register scan. It is possible to 
return to the Shift-IR state from either Exit1-IR or Exit2-IR without recapturing the instruction register. 

On the first falling edge of TCK after entry to Exit1-IR, TDO goes from the active state to the high-impedance 
state. 

Pause-IR 

No specif iG Junction is performed in the stable Pause-IR state, in which the TAP controller can remain 
indefinitely. The Pause-IR state suspends and resumes instruction-register scan operations without loss of 
data. 

Update-IR 

The current instruction is updated and takes effect on the falling edge of TCK following entry to the Update-IR 
state. 
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register overview 

With the exception of the bypass register, any test register can be thought of as a serial-shift register with a 
shadow latch on each bit. The bypass register differs in that it contains only a shift register. During the 
appropriate capture state (Capture-IR for instruction register, Capture-DR for data registers), the shift register 
can be parallel loaded from a source specified by the current instruction. During the appropriate shift state 
(Shift-IR or Shift-DR), the contents of the shift register are shifted out from TDO while new contents are shifted 
in atTDI. During the appropriate update state (Update-IR or Update-DR), the shadow latches are updated from 
the shift register. 

instruction register description 

The instruction register (IR) is eight bits long and tells the device what instruction is to be executed. Information 
contained in the instruction includes the mode of operation (either normal mode, in which the device performs 
its normal logic function, or test mode, in which the normal logic function is inhibited or altered), the test operation 
to be performed, which of the three data registers is to be selected for inclusion in the scan path during 
data-register scans, and the source of data to be captured into the selected data register during Capture-DR. 

Table 3 lists the instructions supported by the 'ABT8245. The even-parity feature specified for SCOPE™ devices 
is supported in this device. Bit 7 of the instruction opcode is the parity bit. Any instructions that are defined for 
SCOPE™ devices but are not supported by this device default to BYPASS. 

During Capture-IR, the IR captures the binary value 1 0000001 . As an instruction is shifted in, this value is shifted 
out via TDO and can be inspected as verification that the IR is in the scan path. During Update-IR, the value 
that has been shifted into the IR is loaded into shadow latches. At this time, the current instruction is updated, 
and any specified mode change takes effect. At power up or in the Test-Logic-Reset state, the IR is reset to the 
binary value 11111111, which selects the BYPASS instruction. 

The IR order of scan is shown in Figure 2. 
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Figure 2. Instruction Register Order of Scan 
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data register description 
boundary-scan register 

The boundary-scan register (BSR) is 36 bits long. It contains one boundary-scan cell (BSC) for each 
normal-function input pin, two BSCs for each normal-function I/O pin (one for input data and one for output data), 
and one BSC for each of the internally decoded output-enable signals (OEA and OEB). The BSR is used 1 ) to 
store test data that is to be applied internally to the inputs of the normal on-chip logic and/or externally to the 
device output pins, and/or 2) to capture data that appears internally at the outputs of the normal on-chip logic 
and/or externally at the device input pins. 

The source of data to be captured into the BSR during Capture-DR is determined by the current instruction. The 
contents of the BSR can change during Run-Test/ Idle as determined by the current instruction. At power up 
or in Test-Logic-Reset, the value of each BSC is reset to logic 0. 

When external data is to be captured, the BSCsJgr signals OEA and OEB capture logic values determined by 
the following positive-logic equations: OEA = OE • DIR, and OEB = OE • DIR. When data is to be applied 
externally, these BSCs control the drive state (active or high-impedance) of their respective outputs. 

The BSR order of scan is from TDI through bits 35-0 to TDO. Table 1 shows the BSR bits and their associated 
device pin signals. 



Table 1. Boundary-Scan Register Configuration 



BSR BIT 
NUMBER 


DEVICE 
SIGNAL 


BSR BIT 
NUMBER 


DEVICE 
SIGNAL 


BSR BIT 
NUMBER 


DEVICE 
SIGNAL 


BSR BIT 
NUMBER 


DEVICE 
SIGNAL 


BSR BIT 
NUMBER 


DEVICE 
SIGNAL 


35 


OEB 


31 


B8-I 


23 


B8-0 


15 


A8-I 


7 


A8-0 


34 


OEA 


30 


B7-I 


22 


B7-0 


14 


A7-I 


6 


A7-0 


33 


DIR 


29 


B6-I 


21 


B6-0 


13 


A6-I 


5 


A6-0 


32 


OE 


28 


B5-I 


20 


B5-0 


12 


A5-I 


4 


A5-0 






27 


B4-I 


19 


B4-0 


11 


A4-I 


3 


A4-0 






26 


B3-I 


18 


B3-0 


10 


A3-I 


2 


A3-0 






25 


B2-I 


17 


B2-0 


9 


A2-I 


1 


A2-0 






24 


B1-I 


16 


B1-0 


8 


A1-I 


0 


A1-0 
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boundary-control register 

The boundary-control register (BCR) is 1 1 bits long. The BCR is used in the context of the RUNT instruction to 
implement additional test operations not included in the basic SCOPE™ instruction set. Such operations include 
PRPG, PSA with input masking, and binary count up (COUNT). Table 4 shows the test operations decoded by 
the BCR. 

During Capture-DR, the contents of the BCR are not changed. At power up or in Test-Logic-Reset, the BCR is 
reset to the binary value 00000000010, which selects the PSA test operation with no input masking. 

The BCR order of scan is from TDI through bits 1 0-0 to TDO. Table 2 shows the BCR bits and their associated 
test control signals. 



Table 2. Boundary-Control Register Configuration 



BCR BIT 
NUMBER 


TEST 
CONTROL 
SIGNAL 


BCR BIT 
NUMBER 


TEST 
CONTROL 
SIGNAL 


BCR BIT 
NUMBER 


TEST 
CONTROL 
SIGNAL 


10 


MASK8 


6 


MASK4 


2 


OPCODE2 


9 


MASK7 


5 


MASK3 


1 


OPCODE1 


8 


MASK6 


4 


MASK2 


0 


OPCODE0 


7 


MASK5 


3 


MASK1 







bypass register 

The bypass register is a 1-bit scan path that can be selected to shorten the length of the system scan path, 
thereby reducing the number of bits per test pattern that must be applied to complete a test operation. 

During Capture-DR, the bypass register captures a logic 0. The bypass register order of scan is shown in 
Figure 3. 





BltO 




► 


► 



Figure 3. Bypass Register Order of Scan 
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instruction-register opcode description 

The instruction-register opcodes are shown in Table 3. The following descriptions detail the operation of each 
instruction. 



Table 3. instruction-Register Opcodes 



BINARY CODEt 
BIT 7 -» BIT 0 
MSB -> LSB 


SCOPE OPCODE 


DESCRIPTION 


eci cwcn rata 
ScLcCTcD DATA 

REGISTER 


MODE 


00000000 


EXTEST/INTEST 


Boundary scan 


Boundary scan 


Test 


10000001 


BYPASS* 


Bypass scan 


Bypass 


Normal 


10000010 


SAMPLE/PRELOAD 


Sample boundary 


Boundary scan 


Normal 


00000011 


INTEST/EXTEST 


Boundary scan 


Boundary scan 


Test 


10000100 


BYPASS+ 


Bypass scan 


Bypass 


Normal 


00000101 


BYPASS* 


Bypass scan 


Bypass 


Normal 


00000110 


HIGHZ 


Control boundary to high impedance 


Bypass 


Modified test 


10000111 


CLAMP 


Control boundary to 1/0 


Bypass 


Test 


10001000 


BYPASS* 


Bypass scan 


Bypass 


Normal 


00001001 


RUNT 


Boundary run test 


Bypass 


Test 


00001010 


READBN 


Boundary read 


Boundary scan 


Normal 


10001011 


READBT 


Boundary read 


Boundary scan 


Test 


00001100 


CELLTST 


Boundary self test 


Boundary scan 


Normal 


10001101 


TOPHIP 


Boundary toggle outputs 


Bypass 


Test 


10001110 


SCANCN 


Boundary-control register scan 


Boundary control 


Normal 


00001111 


SCANCT 


Boundary-control register scan 


Boundary control 


Test 


All others 


BYPASS 


Bypass scan 


Bypass 


Normal 



t Bit 7 is used to maintain even parity in the 8-bit instruction. 

*The BYPASS instruction is executed in lieu of a SCOPE™ instruction that is not supported in the 'ABT8245. 
boundary scan 



This instruction conforms to the IEEE Standard 1149.1-1990 EXTEST and INTEST instructions. The BSR is 
selected in the scan path. Data appearing at the device input pins is captured in the input BSCs, while data 
appearing at the outputs of the normal on-chip logic is captured in the output BSCs. Data that has been scanned 
into the input BSCs is applied to the inputs of the normal on-chip logic, while data that has been scanned into 
the output BSCs is applied to the device output pins. The device operates in the test mode. 

bypass scan 

This instruction conforms to the IEEE Standard 1149.1-1990 BYPASS instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. The device 
operates in the normal mode. 

sample boundary 

This instruction conforms to the IEEE Standard 1149.1-1990 SAMPLE/PRELOAD instruction. The BSR is 
selected in the scan path. Data appearing at the device input pins is captured in the input BSCs, while data 
appearing at the outputs of the normal on-chip logic is captured in the output BSCs. The device operates in the 
normal mode. 
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control boundary to high impedance 

This instruction conforms to the IEEE Standard 11 49.1 a-1 993 HIGHZ instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. The device 
operates in a modified test mode in which all device I/O pins are placed in the high-impedance state, the device 
input pins remain operational, and the normal on-chip logic function is performed. 

control boundary to 1/0 

This instruction conforms to the IEEE Standard 11 49.1 a-1 993 CLAMP instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. Data in the input 
BSCs is applied to the inputs of the normal on-chip logic, while data in the output BSCs is applied to the device 
output pins. The device operates in the test mode. 

boundary run test 

The bypass register is selected in the scan path. A logic 0 value is captured in the bypass register during 
Capture-DR. The device operates in the test mode. The test operation specified in the BCR is executed during 
Run-Test/Idle. The five test operations decoded by the BCR are: sample inputs/toggle outputs (TOPSIP), 
PRPG, PSA, simultaneous PSA and PRPG (PSA/PRPG), and simultaneous PSA and binary count up 
(PSA/COUNT). 

boundary read 

The BSR is selected in the scan path. The value in the BSR remains unchanged during Capture-DR. This 
instruction is useful for inspecting data after a PSA operation. 

boundary self test 

The BSR is selected in the scan path. All BSCs capture the inverse of their current values during Capture-DR. 
In this way, the contents of the shadow latches can be read out to verify the integrity of both shift-register and 
shadow-latch elements of the BSR. The device operates in the normal mode. 

boundary toggle outputs 

The bypass register is selected in the scan path. A logic 0 value is captured in the bypass register during 
Capture-DR. Data in the shift-register elements of the selected output BSCs is toggled on each rising edge of 
TCK in Run-Test/ldle, updated in the shadow latches, and applied to the associated device output pins on each 
falling edge of TCK in Run-Test/ldle. Data in the selected input BSCs remains constant and is applied to the 
inputs of the normal on-chip logic. Data appearing at the device input pins is not captured in the input BSCs. 
The device operates in the test mode. 

boundary-control register scan 

The BCR is selected in the scan path. The value in the boundary-control register remains unchanged during 
Capture-DR. This operation must be performed before a boundary run test operation to specify which test 
operation is to be executed. 
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boundary-control-register opcode description 

The BCR opcodes are decoded from BCR bits 2-0 as shown in Table 4. The selected test operation is 
performed while the RUNT instruction is executed in the Run-Test/ldle state. The following descriptions detail 
the operation of each BCR instruction and illustrate the associated PSA and PRPG algorithms. 



Table 4. Boundary-Control Register Opcodes 



BINARY CODE 
BIT 2 -4 BIT 0 
MSB -> LSB 


DESCRIPTION 


XOO 


Sample inputs/toggle outputs (TOPSIP) 


X01 


Pseudo-random pattern generation/1 6-bit mode (PRPG) 


X10 


Parallel-signature analysis/1 6-bit mode (PSA) 


011 


Simultaneous PSA and PRPG/8-bit mode (PSA/PRPG) 


111 


Simultaneous PSA and binary count up/8-bit mode (PSA/COUNT) 



It should be noted, in general, that while the control input BSCs (bits 35-32) are not included in the sample, 
toggle, PSA, PRPG, or COUNT algorithms, the output-enable BSCs (bits 35-34 of the BSR) do control the drive 
state (active or high impedance) of the selected device output pins. It also should be noted that these BCR 
instructions are only valid when the device is operating in one direction of data flow (that is, OEA * OEB). 
Otherwise, the bypass instruction is operated. 

PSA input masking 

Bits 10-3 of the BCR specify device input pins to be masked from PSA operations. Bit 1 0 selects masking for 
device input pin A8 during A-to-B data flow or for device input pin B8 during B-to-A data flow. Bit 3 selects 
masking for device input pins A1 or B1 during A-to-B or B-to-A data flow, respectively. Bits intermediate to 1 0 
and 3 mask corresponding device input pins, in order, from most significant to least significant, as indicated in 
Table 3. When the mask bit that corresponds to a particular device input has a logic 1 value, the device input 
pin is masked from any PSA operation, meaning that the state of the device input pin is ignored and has no effect 
on the generated signature. Otherwise, when a mask bit has a logic 0 value, the corresponding device input 
is not masked from the PSA operation. 

sample inputs/toggle outputs (TOPSIP) 

Data appearing at the selected device input pins is captured in the shift-register elements of the selected BSCs 
on each rising edge of TCK. This data is updated in the shadow latches of the selected input BSCs and applied 
to the inputs of the normal on-chip logic. Data in the shift-register elements of the selected output BSCs is 
toggled on each rising edge of TCK, updated in the shadow latches, and applied to the associated device output 
pins on each falling edge of TCK. 
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pseudo-random pattern generation (PRPG) 

A pseudo-random pattern is generated in the shift-register elements of the selected BSCs on each rising edge 
of TCK, updated in the shadow latches, and applied to the associated device output pins on each falling edge 
of TCK. This data also is updated in the shadow latches of the selected input BSCs and, thereby, applied to the 
inputs of the normal on-chip logic. Figures 4 and 5 illustrate the 1 6-bit linear-feedback shift-register algorithms 
through which the patterns are generated. An initial seed value should be scanned into the BSR before 
performing this operation. Note that a seed value of all zeroes does not produce additional patterns. 
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B8-0 B7-0 B6-0 B5-0 B4-0 B3-0 B2-0 B1-0 

Figure 4. 16-Bit PRPG Configuration (OEA = 0, OEB = 1) 
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Figure 5. 16-Bit PRPG Configuration (OEA=1, OEB= 0) 
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parallel-signature analysis (PSA) 

Data appearing at the selected device input pins is compressed into a 16-bit parallel signature in the 
shift-register elements of the selected BSCs on each rising edge of TCK. This data is then updated in the shadow 
latches of the selected input BSCs and applied to the inputs of the normal on-chip logic. Data in the shadow 
latches of the selected output BSCs remains constant and is applied to the device outputs. Figures 6 and 7 
illustrate the 16-bit linear-feedback shift-register algorithms through which the signature is generated. An initial 
seed value should be scanned into the BSR before performing this operation. 
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Figure 6. 16-Bit PSA Configuration (OEA = 0, OEB = 1) 
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Figure 7. 16-Bit PSA Configuration (OEA = 1, OEB = 0) 
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simultaneous PSA and PRPG (PSA/PRPG) 

Data appearing at the selected device input pins is compressed into an 8-bit parallel signature in the 
shift-register elements of the selected input BSCs on each rising edge of TCK. This data is then updated in the 
shadow latches of the selected input BSCs and applied to the inputs of the normal on-chip logic. At the same 
time, an 8-bit pseudo-random pattern is generated in the shift-register elements of the selected output BSCs 
on each rising edge of TCK, updated in the shadow latches, and applied to the associated device output pins 
on each falling edge of TCK. Figures 8 and 9 illustrate the 8-bit linear-feedback shift-register algorithms through 
which the signature and patterns are generated. An initial seed value should be scanned into the BSR before 
performing this operation. Note that a seed value of all zeroes does not produce additional patterns. 
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Figure 8. 8-Bit PSA/PRPG Configuration (OEA = 0, OEB = 1) 
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Figure 9. 8-Bit PSA/PRPG Configuration (OEA = 1, OEB = 0) 
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simultaneous PSA and binary count up (PSA/COUNT) 

Data appearing at the selected device input pins is compressed into an 8-bit parallel signature in the 
shift-register elements of the selected input BSCs on each rising edge of TCK. This data is then updated in the 
shadow latches of the selected input BSCs and applied to the inputs of the normal on-chip logic. At the same 
time, an 8-bit binary count-up pattern is generated in the shift-register elements of the selected output BSCs 
on each rising edge of TCK, updated in the shadow latches, and applied to the associated device output pins 
on each falling edge of TCK. In addition, the shift-register elements of the opposite output BSCs are used to 
count carries out of the selected output BSCs and, thereby, extend the count to 16 bits. Figures 10 and 11 
illustrate the 8-bit linear-feedback shift-register algorithms through which the signature is generated. An initial 
seed value should be scanned into the BSR before performing this operation. 
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Figure 10. 8-Bit PSA/COUNT Configuration (OEA = 0, OEB = 1) 
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Figure 11. 8-Bit PSA/COUNT Configuration (OEA = 1, OEB = 0) 
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timing description 

All test operations of the 'ABT8245 are synchronous to TCK. Data on the TDI, TMS, and normal-function inputs 
is captured on the rising edge of TCK. Data appears on the TDO and normal-function output pins on the falling 
edge of TCK. The TAP controller is advanced through its states (as illustrated in Figure 1 ) by changing the value 
of TMS on the falling edge of TCK and then applying a rising edge to TCK. 

A simple timing example is shown in Figure 12. In this example, the TAP controller begins in the 
Test-Logic-Reset state and is advanced through its states as necessary to perform one instruction-register scan 
and one data-register scan. While in the Shift-IR and Shift-DR states, TDI is used to input serial data, and TDO 
is used to output serial data. The TAP controller is then returned to the Test-Logic-Reset state. Table 5 explains 
the operation of the test circuitry during each TCK cycle. t 



Table 5. Explanation of Timing Example 



TCK 
CYCLE(S) 


TAP STATE 
AFTER TCK 


DESCRIPTION 


1 


Test-Logic-Reset 


TMS is changed to a logic 0 value on the falling edge of TCK to begin advancing the TAP controller toward 
the desired state. 


2 


Run-Test/Idle 




3 


Select-DR-Scan 




4 


Select-IR-Scan 




5 


Capture-IR 


I ne in capiuios ine o-uii uinary vaiuo i uuuuuu i on ine rising euyo ui i or\ a& trio i nr cuiuruiicr caiio uio 
Capture-IR state. 


6 


Shift-IR 


TDO becomes active and TDI is made valid on the falling edge of TCK. The first bit is shifted into the TAP on 
the rising edge of TCK as the TAP controller advances to the next state. 


7-13 


Shift-IR 


One bit is shifted into the IR on each TCK rising edge. With TDI held at a logic 1 value, the 8-bit binary value 
1 1 11 1 1 11 is serially scanned into the IR. At the same time, the 8-bit binary value 1 0000001 is serially scanned 
out of the IR via TDO. In TCK cycle 1 3, TMS is changed to a logic 1 value to end the IR scan on the next TCK 
cycle. The last bit of the instruction is shifted as the TAP controller advances from Shift-IR to Exit1-IR. 


14 


ExitMR 


TDO becomes inactive (goes to the high-impedance state) on the falling edge of TCK. 


15 


Update-IR 


The IR is updated with the new instruction (BYPASS) on the falling edge of TCK. 


16 


Select-DR-Scan 




17 


Capture-DR 


The bypass register captures a logic 0 value on the rising edge of TCK as the TAP controller exits the 
Capture-DR state. 


18 


Shift-DR 


TDO becomes active and TDI is made valid on the falling edge of TCK. The first bit is shifted into the TAP on 
the rising edge of TCK as the TAP controller advances to the next state. 


19-20 


Shift-DR 


The binary value 101 is shifted in via TDI, while the binary value 010 is shifted out via TDO. 


21 


Exit1-DR 


TDO becomes inactive (goes to the high-impedance state) on the falling edge of TCK. 


22 


Update-DR 


In general, the selected data register is updated with the new data on the falling edge of TCK. 


23 


Select-DR-Scan 




24 


Select-IR-Scan 




25 


Test-Logic-Reset 


Test operation completed 
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Figure 12. Timing Example 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, V<x -0-5 V to 7 V 

Input voltage range, V| (except I/O ports) (see Note 1) -0.5 V to 7 V 

Input voltage range, V| (I/O ports) (see Note 1) -0.5 V to 5.5 V 

Voltage range applied to any output in the high state or power-off state, Vq -0.5 V to 5.5 V 

Current into any output in the low state, lo: SN54ABT8245 96 mA 

SN74ABT8245 128 mA 

Input clamp current, Iik ( v l < 0) -1 8 mA 

Output clamp current, Iok (Vo < 0) -50 mA 

Maximum power dissipation at = 55°C (in still air) (see Note 2): DW package 1 .7 W 

Storage temperature range, T s t g -65°C to 1 50°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 
NOTES: 1 . The input and output negative-voltage ratings can be exceeded if the input and output clamp-current ratings are observed. 

2. The maximum package power dissipation is calculated using a junction temperature of 1 50°C and a board trace length of 750 mils. 
For more information, referto the Package Thermal Considerations application notein IheABT Advanced BiCMOS Technology Data 
Book, literature number SCBD002. 
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recommended operating conditions (see Note 3) 







SN54ABT8245 


SN74ABT8245 


UNIT 






MIN 


MAX 


MIN 


MAX 


v C c 


Supply voltage 


4.5 


5.5 


4.5 


5.5 


V 


V|H 


High-level input voltage 


2 


2 


V 


V|L 


Low-level input voltage 


0.8 


0.8 


V 


V| 


Input voltage 


0 


vcc 


0 


vcc 


V 


'OH 


High-level output current 


-24 


-32 


mA 


•OL 


Low-level output current 


48 


64 


mA 


At/Av 


Input transition rise or (all rate 


10 


10 


ns/V 


T A 


Operating free-air temperature 


-55 


125 


-40 


85 


°C 



NOTE 3: Unused pins (input or I/O) must be held high or low to prevent them from floating. 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



DAD A MPT PP 
rMrtMMCI Erf 


TEST CONDITIONS 


Ta = 25°C 


SN54ABT8245 


SN74ABT8245 


UNIT 


MIN TYPt MAX 


MIN MAX 


MIN MAX 


V|K 


Vcc = 4.5 V, l| = -18mA 


-1.2 


-1.2 


-1.2 


V 


VOH 


Vcc -4.5 V, l 0 H=-3mA 


2.5 


2.5 


2.5 


V 


VcC"5V, loH=-3mA 


3 


3 


3 


Vcc = 4.5 V, Ioh = - 24 mA 


2 


2 




Vcc = 4.5 V, IOH=~32mA 


2* 




2 


vol 


Vcc - 4-5 V, Iql = 48 mA 


0.55 


0.55 




V 


Vcc = 4-5 V, Iql = 64 mA 


0.55* 




0.55 


ii 


V C C = 5.5 V, 
V| = Vcc ° r GND 


DIR. OE, TCK 


+1 


±1 


±1 


HA 


A or B ports 


+100 


±100 


±100 


l|H 


V C C - 5-5 V, V| = Vcc 


TDI.TMS 


10 


10 


10 


HA 


hL 


Vcc = 5.5 V, V| = GND 


TDI, TMS 


-40 -160 


-40 -160 


-40 -160 


LiA 


'OZH* 


V C C = 5.5 V, Vq = 2.7 V 


50 


50 


50 


LiA 


lOZL* 


V C C = 5.5 V, V 0 = 0.5 V 


-50 


-50 


-50 


HA 


lOZPU 


Vcc = 0 to 2 V, Vq = 0.5 V or 2.7 V 


±50 


±50 


±50 


LiA 


'OZPD 


Vcc = 2Vor0, Vq = 0.5 V or 2.7 V 


±50 


±50 


±50 


HA 


'off 


Vcc = 0, V|orVQS4.5V 


±100 




±100 


LiA 


'CEX 


Vcc = 5.5 V, Vq = 5.5 V 


Outputs high 


50 


50 


50 


HA 


io § 


Vcc = 5.5 V, Vq = 2.5 V 


-50 -100 -180 


-50 -180 


-50 -180 


mA 


'cc 


Vcc = 5.5 V, 

io-o. 

V| = V C C or GND 


A or B 
ports 


Outputs high 


0.9 2 


2 


2 


mA 


Outputs low 


30 38 


38 


38 


Outputs disabled 


0.9 2 


2 


2 


Alec 11 


Vcc = 5- 5 V, One input at 3.4 V, 
Other inputs at Vcc or GND 


1.5 


1.5 


1.5 


mA 


Cj 


V| = 2.5 V or 0.5 V 


Control inputs 


3 






PF 


Cj 0 


Vo = 2.5 V or 0.5 V 


A or B ports 


10 






pF 


Co 


Vq = 2.5 V or 0.5 V 


TDO 


8 






PF 



* On products compliant to MIL-PRF-38535, this parameter does not apply, 
t All typical values are at Vcc = 5 V. 

* The parameters Iozh and 'OZL include the input leakage current. 

§ Not more than one output should be tested at a time, and the duration of the test should not exceed 1 second. 

' This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (test mode) (see Figure 13) 





SN54ABT8245 


SN74ABT8245 


UNIT 


MIN MAX 


MIN MAX 


'clock Clock frequency 


TCK 


0 50 


0 50 


MHz 


t w Pulse duration 


TCK high or low 


5 


5 


ns 


t su Setup time 


A or B or DIR or OE before TCKt 


7 


5 


ns 


TDI before TCKt 


6 


6 


TMS before TCKt 


6 


6 


t n Hold time 


A or B or DIR or OE after TCKT 


0 


0 


ns 


TDI after TCKT 


0 


0 


TMS after TCKt 


0 


0 


td Delay time 


Power up to TCKt 


50* 


50 


ns 


t r Rise time 


Vcc power up 


1* 


1 





* On products compliant to MIL-PRF-38535, this parameter is not production tested. 



switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (normal mode) (see Figure 13) 









SN54ABT8245 




PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V C C = 5 V, 
T A = 25°C 


MIN 


MAX 


UNIT 








MIN 


TYP 


MAX 








tPLH 


AorB 


BorA 


2 


3.5 


4.6 


2 


5.8 


ns 


tPHL 


2 


3.4 


4.5 


2 


5.5 


tpZH 


OE 


BorA 


2.5 


4.5 


5.8 


2.5 


6.9 


ns 


IPZL 


3 


5.2 


6.6 


3 


8.1 


tPHZ 


OE 


BorA 


3 


6.1 


7.6 


3 


8.9 


ns 


( PLZ 


3 


5.5 


6.9 


3 


8 



switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (normal mode) (see Figure 13) 









SN74ABT8245 




PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V C C = 5 V, 
Ta = 25°C 


MIN 


MAX 


UNIT 








MIN 


TYP 


MAX 








tPLH 


AorB 


BorA 


2 


3.5 


4.3 


2 


4.8 


ns 


l PHL 


2 


3.4 


4.2 


2 


5.1 


tpZH 


OE 


BorA 


2.5 


4.5 


5.5 


2.5 


6.8 


ns 


l PZL 


3 


5.2 


6 


3 


7.5 


l PHZ 


OE 


BorA 


3 


6.1 


7.1 


3 


8.4 


ns 


l PLZ 


3 


5.5 


6.6 


3 


7.5 
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switching characteristics over recommended ranqes of supply voltage and operating free-air 
temperature (unless otherwise noted) (test mode) (see Figure 13) 









SN54ABT8245 




PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


VCC = 5 V, 
T A = 25°C 


MIN 


MAX 


UNIT 








MIN 


TYP 


MAX 








'max 


TCK 




50 


90 




50 


MHz 


tPLH 


TCKi 


A or B 


3.5 


8 


9.5 


3.5 


12.5 


ns 


tPHL 


3 


7.7 


9 


3 


12 


tPLH 


TCKi 


TDO 


2.5 


4.3 


5.5 


2.5 


7 


ns 


tPHL 


2.5 


4.2 


5.5 


2.5 


7 


tPZH 


TCK4- 


AorB 


4.5 


8.2 


9.8 


4.5 


12.5 


ns 


tpZL 


4.5 


9 


10.5 


4.5 


13.5 


tpZH 


TCKi 


TDO 


2.5 


4.3 


5.5 


2.5 


7 


ns 


IPZL 


2.5 


4.9 


6.3 


2.5 


7.8 


tPHZ 


TCKi 


AorB 


3.5 


8.4 


11.2 


3.5 


14.2 


ns 


tPLZ 


3 


8 


10.5 


3 


13.5 


tPHZ 


TCKi 


TDO 


2 


5.9 


7 


2 


9 


ns 


tPLZ 


3 


5 


6.5 


3 


8 



switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (test mode) (see Figure 13) 





FROM 


TO 


SN74ABT8245 




PARAMETER 


(INPUT) 
FROM 


(OUTPUT) 
TO 


V C C = 5 V, 
Ta = 25°C 


MIN 


MAX 


UNIT 




(INPUT) 


(OUTPUT) 


MIN 


TYP 


MAX 








'max 


TCK 




50 


90 




50 


MHz 


tPLH 


TCKi 


AorB 


3.5 


8 


9.5 


3.5 


12 


ns 


tPHL 


3 


7.7 


9 


3 


11.5 


tPLH 


TCKi 


TDO 


2.5 


4.3 


5.5 


2.5 


6.5 


ns 


tPHL 


2.5 


4.2 


5.5 


2.5 


6.5 


l PZH 


TCKi 


AorB 


4.5 


8.2 


9.5 


4.5 


12 


ns 


tpZL 


4.5 


9 


10.5 


4.5 


13 


tpZH 


TCKi 


TDO 


2.5 


4.3 


5.5 


2.5 


6.5 


ns 


tpZL 


2.5 


4.9 


6 


2.5 


7 


tPHZ 


TCKi 


AorB 


3.5 


8.4 


10.5 


3.5 


13.5 


ns 


«PLZ 


3 


8 


10.5 


3 


13 


*PHZ 


TCKi 


TDO 


3 


5.9 


7 


3 


8.5 


ns 


tPLZ 


3 


5 


6.5 


3 


7.5 
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From Output 9. 

Under Test 

Cl = 50 pF 
(see Note A) 



PARAMETER MEASUREMENT INFORMATION 

- 7V 



500 a 
-wv- 



500 Q 



O Open 
? GND 



TEST 


S1 


tPLH/tPHL 
tPLZ'tpZL 
tpHZ'tPZH 


Open 
7V 
Open 



LOAD CIRCUIT 



Input 



VOLTAGE WAVEFORMS 
PULSE DURATION 



3V 



0V 



Timing Input 



Data Input 



1.5 V 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



3V 
0V 



3V 
0V 



Input 



Output 



Output 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output 
Control 



Output 
Waveform 1 
S1 at7V 
(see Note B) 

Output 
Waveform 2 
S1 at Open 
(see Note B) 



l PZL 



3V 
0V 

3.5 V 



| *PHZ 
tPZH -*| |4~ 



r 



VQH-0.3V V ° H 
— « 0V 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. C|_ includes probe and jig capacitance. 

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

C. All input pulses are supplied by generators having the following characteristics: PRR < 1 0 MHz, Zq = 50 £2, t r < 2.5 ns, tf < 2.5 ns. 

D. The outputs are measured one at a time with one transition per measurement. 



Figure 13. Load Circuit and Voltage Waveforms 
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Members of the Texas Instruments 
SCOPE™ Family of Testability Products 
Compatible With the IEEE Standard 
1149.1-1990 (JTAG) Test Access Port and 
Boundary-Scan Architecture 

Functionally Equivalent to 'F543 and 
'ABT543 in the Normal-Function Mode 

SCOPE™ Instruction Set 

- IEEE Standard 1149.1-1990 Required 
Instructions, Optional INTEST, CLAMP, 
and HIGHZ 

- Parallel-Signature Analysis at Inputs 
With Masking Option 

- Pseudo-Random Pattern Generation 
From Outputs 

- Sample Inputs/Toggle Outputs 

- Binary Count From Outputs 

- Even-Parity Opcodes 

Two Boundary-Scan Cells Per I/O for 
Greater Flexibility 

State-of-the-Art EPIC-UB™ BiCMOS Design 
Significantly Reduces Power Dissipation 
Package Options Include Plastic 
Small-Outline (DW) and Shrink 
Small-Outline (DL) Packages, Ceramic Chip 
Carriers (FK), and Standard Ceramic 
DIPs (JT) 



SN54ABT8543 . . . JT PACKAGE 
SN74ABT8543 . . . DL OR DW PACKAGE 
(TOP VIEW) 

LEAB [ 1 
CEAB [ 2 
OEAB [ 3 
A1 [ 4 
A2[ 5 
A3[ 6 
GND[ 7 
A4[ 8 
A5[ 9 
A6[ 10 
A7[ 11 
A8[ 12 
TDO[ 13 
TMS[ 14 



SN54ABT8543 . . . FK PACKAGE 
(TOP VIEW) 



t- cm co -<3- O in co 
CO CO CO CO > QQ CO 




description 



/ i ii ii ii iL— ii ii i — 

- 4 3 2 1 28 27 26 r „, 

OEBA 3 5 0 25[ B7 

CEBA ] 6 24[ B8 
LEBA ] 7 23[ TDI 
LEAB ] 8 22[ TCK 
CEAB ]9 21[ TMS 
OEAB ] 10 20[ TDO 
A1 ] 11 19[ A8 
1213 14 15 16 17 18 
r-ir-n-iFir-ir-ii-i | 



cn co Q 5 in 55 

< < z < < < < 



The 'ABT8543 scan test devices with octal 
registered bus transceivers are members of the 
Texas Instruments SCOPE™ testability 
integrated-circuit family. This family of devices 
supports IEEE Standard 1149.1-1990 boundary 
scan to facilitate testing of complex circuit-board 
assemblies. Scan access to the test circuitry is 
accomplished via the 4-wire test access port 
(TAP) interface. 

In the normal mode, these devices are functionally equivalent to the 'F543 and 'ABT543 octal registered bus 
transceivers. The test circuitry can be activated by the TAP to take snapshot samples of the data appearing at 
the device pins or to perform a self-test on the boundary-test cells. Activating the TAP in normal mode does not 
affect the functional operation of the SCOPE™ octal registered bus transceivers. 



SCOPE and EPIC-HB are trademarks of Texas Instruments Jncorjgorated. 



production data information is current as of publication data. a Copyright © 1996, Texas Instruments Incorporated 

Products conlorm tosMclflcatlona par the terms of Texas Instruments _P/jL On products compliant to MIL-PRM8535, all parameters are tasted 

standard warranty. Production processing does not necassartly Include IRfW TfcjVAC unless otherwise noted. On all other products, production 

testing of all parameters. ^ processing does not necessarily Include tasting of all parameters. 
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description (continued) 

Dataflow in ea ch direc tion i s contr olled by latch-enable (LEAB and LEBA), chip-enable (CEAB andCEBA), and 
outpu t-enab le ( OEAB a nd OEBA) inputs. For A-t o-B da ta flow, th e device operates in the transparent mode 
when LEAB and CEAB are both lo w. When either LEAB or C EAB is hig h, the A data is latched. The B outputs 
are active when OEAB and CEAB are both low. When either OEAB or CEAB is hig h, the B outpu ts ar e in the 
high-impedance state. Control for B-to-A data flow is similar to that for A-to-B, but uses LEBA, CEBA, and OEBA. 

In the test mode, the normal operation of the SCOPE™ registered bus transceiver is inhibited and the test 
circuitry is enabled to observe and control the I/O boundary of the device. When enabled, the test circuitry 
performs boundary-scan test operations as described in IEEE Standard 1149.1-1990. 

Four dedicated test pins control the operation of the test circuitry: test data input (TDI), test data output (TDO), 
test mode select (TMS), and test clock (TCK). Additionally, the test circuitry performs other testing functions 
such as parallel-signature analysis (PSA) on data inputs and pseudo-random pattern generation (PRPG) from 
data outputs. All testing and scan operations are synchronized to the TAP interface. 

The SN54ABT8543 is characterized for operation over the full military temperature range of -55°C to 125°C. 
The SN74ABT8543 is characterized for operation from -40°C to 85°C. 



FUNCTION TABLET 
(normal mode, each register) 



INPUTS 


OUTPUT 
B 


CEAB 


OEAB 


LEAB 


A 


L 


L 


L 


L 


L 


L 


L 


L 


H 


H 


L 


L 


H 


X 


Brjt 


L 


H 


X 


X 


Z 


H 


X 


X 


X 


z 



t A-to-B data flow is shown. B-to-A data flow is similar but 



uses CEBA, OEBA, and LEBA. 
* Output level before the indicated steady-state input 
conditions were established 
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functional block diagram 



OEBA 



CEBA 



LEBA 



26 



27 



28 



OEAB 



CEAB 



LEAB 



A1 



Boundary-Scan Register 



TO 



3D 



C1 
1D 



One of Eight Channels 



-t>n 



25 



B1 



TDI 



VCC; 
16' 



TMS 



VCC; 
14" 



TCK 



15 



Bypass Register 



Boundary-Control 
Register 



Instruction Register 



J 



TAP 
Controller 



13 




TDO 



Pin numbers shown are for the DL, DW, and JT packages. 
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Terminal Functions 


TERMINAL 
NAME 


DESCRIPTION 


A1-A8 


Normal-function A-bus I/O ports. See (unction table for normal-mode logic. 


B1-B8 


Normal-function B-bus I/O ports. See function table for normal-mode logic. 


CEAB, CEBA 


Normal-function chip-enable inputs. See function table for normal-mode logic. 


GND 


Ground 


LEAB, LEBA 


Normal-function latch-enable inputs. See function table for normal-mode logic. 


OEAB, OEBA 


Normal-function output-enable inputs. See function table for normal-mode logic. 


TCK 


Test clock. One of four terminals required by IEEE Standard 1149.1-1990. Test operations of the device are synchronous to 
TCK. Data is captured on the rising edge of TCK, and outputs change on the falling edge of TCK. 


TDI 


Test data input. One of four terminals required by IEEE Standard 1 149.1 -1 990. TDI is the serial input for shifting data through 
the instruction register or selected data register. An internal pullup forces TDI to a high level if left unconnected. 


TDO 


Test data output. One of four terminals required by IEEE Standard 1149.1-1990. TDO is the serial output for shifting data 
through the instruction register or selected data register. 


TMS 


Test mode select. One of four terminals required by IEEE Standard 1149.1-1990. TMS directs the device through its TAP 
controller states. An internal pullup forces TMS to a high level if left unconnected. 


vcc 


Supply voltage 
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test architecture 

Serial-test information is conveyed by means of a 4-wire test bus or TAP, that conforms to IEEE Standard 
1149.1-1990. Test instructions, test data, and test control signals all are passed along this serial-test bus. The 
TAP controller monitors two signals from the test bus, TCK and TMS. The TAP controller extracts the 
synchronization (TCK) and state control (TMS) signals from the test bus and generates the appropriate on-chip 
control signals for the test structures in the device. Figure 1 shows the TAP-controller state diagram. 

The TAP controller is fully synchronous to the TCK signal. Input data is captured on the rising edge of TCK and 
output data changes on the falling edge of TCK. This scheme ensures that data to be captured is valid for fully 
one-half of the TCK cycle. 

The functional block diagram shows the IEEE Standard 1149.1-1990 4-wire test bus and boundary-scan 
architecture and the relationship among the test bus, the TAP controller, and the test registers. As shown, the 
device contains an 8-bit instruction register and three test-data registers: a 40-bit boundary-scan register, an 
11 -bit boundary-control register, and a 1-bit bypass register. 



TMS = H 



TMS = L 




Test-Logic-Reset \* 



> 



TMS = L 



Run-Test/ldle 



> 



TMS = H 



Select-DR-Scan 



> 



TMS = H 



< 



Select-IR-Scan 



TMS = L 



Capture-DR 




> 



TMS = H TMS = H 



TMS = L 



Shlft-DR 



> 



TMS = H 



Exit1-DR 




> 



TMS = L 



Pause-DR 



> 



TMS = H 



Exlt2-DR 



TMS = L 



< 



TMS = H 



TMS = L 



Capture-IR 



< 



TMS = L 



Shift-IR 



< 



TMS = H 



ExItMR 



< 



TMS = L 



Pause-IR 



TMS = L 



< 



TMS = H 



Exit2-IR 



TMS = H 



Update-DR 



TMS = H 



> 



< 



TMS = H 

r 

Update-IR X- 



TMS = L 



TMS = H 



> 



TMS = L 




TMS = H 




Figure 1. TAP-Controller State Diagram 
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state diagram description 

The TAP controller is a synchronous finite state machine that provides test control signals throughout the device. 
The state diagram shown in Figure 1 is in accordance with IEEE Standard 1149.1-1990. The TAP controller 
proceeds through its states based on the level of TMS at the rising edge of TCK. 

As shown, the TAP controller consists of 1 6 states. There are six stable states (indicated by a looping arrow in 
the state diagram) and ten unstable states. A stable state is a state the TAP controller can retain for consecutive 
TCK cycles. Any state that does not meet this criterion is an unstable state. 

There are two main paths through the state diagram: one to access and control the selected data register and 
one to access and control the instruction register. Only one register can be accessed at a time. 

Test-Logic-Reset 

The device powers up in the Test-Logic-Reset state. In the stable Test-Logic-Reset state, the test logic is reset 
and is disabled so that the normal logic function of the device is performed. The instruction register is reset to 
an opcode that selects the optional IDCODE instruction, if supported, or the BYPASS instruction. Certain data 
registers also can be reset to their power-up values. 

The state machine is constructed such that the TAP controller returns to the Test-Logic-Reset state in no more 
than five TCK cycles if TMS is left high. The TMS pin has an internal pullup resistor that forces it high if left 
unconnected or if a board defect causes it to be open circuited. 

For the 'ABT8543, the instruction register is reset to the binary value 11111111, which selects the BYPASS 
instruction. Each bit in the boundary-scan register is reset to logic 0. The boundary-control register is reset to 
the binary value 00000000010, which selects the PSA test operation with no input masking. 

Run-Test/Idle 

The TAP controller must pass through the Run-Test/Idle state (from Test-Logic-Reset) before executing any test 
operations. The Run-Test/Idle state also can be entered following data-register or instruction-register scans. 
Run-Test/Idle is a stable state in which the test logic can be actively running a test or can be idle. 

The test operations selected by the boundary-control register are performed while the TAP controller is in the 
Run-Test/ldle state. 

Select-DR-Scan, Select-IR-Scan 

No specific function is performed in the Select-DR-Scan and Select-IR-Scan states, and the TAP controller exits 
either of these states on the next TCK cycle. These states allow the selection of either data-register scan or 
instruction-register scan. 

Capture-DR 

When a data-register scan is selected, the TAP controller must pass through the Capture-DR state. In the 
Capture-DR state, the selected data register can capture a data value as specified by the current instruction. 
Such capture operations occur on the rising edge of TCK, upon which the TAP controller exits the 
Capture-DR state. 

Shift-DR 

Upon entry to the Shift-DR state, the data register is placed in the scan path between TDI and TDO and, on the 
first falling edge of TCK, TDO goes from the high-impedance state to an active state. TDO enables to the logic 
level present in the least-significant bit of the selected data register. 

While in the stable Shift-DR state, data is serially shifted through the selected data register on each TCK cycle. 
The first shift occurs on the first rising edge of TCK after entry to the Shift-DR state (i.e., no shifting occurs during 
the TCK cycle in which the TAP controller changes from Capture-DR to Shift-DR or from Exit2-DR to Shift-DR). 
The last shift occurs on the rising edge of TCK, upon which the TAP controller exits the Shift-DR state. 
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Exlt1-DR, Exit2-DR 

The Exit1-DR and Exit2-DR states are temporary states that end a data-register scan. It is possible to return 
to the Shift-DR state from either Exit1-DR or Exit2-DR without recapturing the data register. 

On the first falling edge of TCK after entry to Exit1-DR, TDO goes from the active state to the 
high-impedance state. 

Pause-DR 

No specific function is performed in the stable Pause-DR state, in which the TAP controller can remain 
indefinitely. The Pause-DR state suspends and resumes data-register scan operations without loss of data. 

Update-DR 

If the current instruction calls for the selected data register to be updated with current data, then such update 
occurs on the falling edge of TCK, following entry to the Update-DR state. 

Capture-IR 

When an instruction-register scan is selected, the TAP controller must pass through the Capture-IR state. In 
the Capture-IR state, the instruction register captures its current status value. This capture operation occurs 
on the rising edge of TCK, upon which the TAP controller exits the Capture-IR state. 

For the 'ABT8543, the status value loaded in the Capture-IR state is the fixed binary value 10000001 . 

Shift-IR 

Upon entry to the Shift-IR state, the instruction register is placed in the scan path between TDI and TDO and, 
on the first falling edge of TCK, TDO goes from the high-impedance state to an active state. TDO enables to 
the logic level present in the least-significant bit of the instruction register. 

While in the stable Shift-IR state, instruction data is serially shifted through the instruction register on each TCK 
cycle. The first shift occurs on the first rising edge of TCK after entry to the Shift-IR state (i.e., no shifting occurs 
during the TCK cycle in which the TAP controller changes from Capture-IR to Shift-IR or from Exit2-IR to 
Shift-IR). The last shift occurs on the rising edge of TCK, upon which the TAP controller exits the Shift-IR state. 

Exit1-IR, Exit2-IR 

The Exit1-IR and Exit2-IR states are temporary states that end an instruction-register scan. It is possible to 
return to the Shift-IR state from either Exit1-IR or Exit2-IR without recapturing the instruction register. 

On the first falling edge of TCK after entry to Exit1-IR, TDO goes from the active state to the 
high-impedance state. 

Pause-IR 

No specific function is performed in the stable Pause-IR state, in which the TAP controller can remain 
indefinitely. The Pause-IR state suspends and resumes instruction-register scan operations without loss 
of data. 

Update-IR 

The current instruction is updated and takes effect on the falling edge of TCK, following entry to the 
Update-IR state. 
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register overview 

With the exception of the bypass register, any test register can be thought of as a serial-shift register with a 
shadow latch on each bit. The bypass register differs in that it contains only a shift register. During the 
appropriate capture state (Capture-IR for instruction register, Capture-DR for data registers), the shift register 
can be parallel loaded from a source specified by the current instruction. During the appropriate shift state 
(Shift-IR or Shift-DR), the contents of the shift register are shifted out from TDO while new contents are shifted 
in atTDI. During the appropriate update state (Update-IR or Update-DR), the shadow latches are updated from 
the shift register. 



instruction register description 

The instruction register (IR) is eight bits long and tells the device what instruction is to be executed. Information 
contained in the instruction includes the mode of operation (either normal mode, in which the device performs 
its normal logic function, ortest mode, in which the normal logic function is inhibited or altered), the test operation 
to be performed, which of the three data registers is to be selected for inclusion in the scan path during 
data-register scans, and the source of data to be captured into the selected data register during Capture-DR. 

Table 3 lists the instructions supported by the 'ABT8543. The even-parity feature specified for SCOPE™ devices 
is supported in this device. Bit 7 of the instruction opcode is the parity bit. Any instructions that are defined for 
SCOPE™ devices but are not supported by this device default to BYPASS. 

During Capture-IR, the IR captures the binary value 1 0000001 . As an instruction is shifted in, this value is shifted 
out via TDO and can be inspected as verification that the IR is in the scan path. During Update-IR, the value 
that has been shifted into the IR is loaded into shadow latches. At this time, the current instruction is updated, 
and any specified mode change takes effect. At power up or in the Test-Logic-Reset state, the IR is reset to the 
binary value 11111111, which selects the BYPASS instruction. The IR order of scan is shown in Figure 2. 
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Figure 2. Instruction Register Order of Scan 



data register description 
boundary-scan register 

The boundary-scan register (BSR) is 40 bits long. It contains one boundary-scan cell (BSC) for each 
normal-function input pin, two BSCs for each normal-function I/O pin (one for input data and one for output data), 
and one BSC for each of the internally decoded output-enable signals (OEA and OEB). The BSR is used to store 
test data that is to be applied internally to the inputs of the normal on-chip logic and/or externally to the device 
output pins, and/or to capture data that appears internally at the outputs of the normal on-chip logic and/or 
externally at the device input pins. 

The source of data to be captured into the BSR during Capture-DR is determined by the current instruction. The 
contents of the BSR can change during Run-Test/ldle as determined by the current instruction. At power up or 
in Test-Logic-Reset, the value of each BSC is reset to logic 0. 

When external data is to be captured, the BSCs for signals OEA and OEB capture logic values determined by 
the following positive-logic equations: OEA = OEBA + CEBA, and OEB = OEAB + CEAB. When data is to 
be applied externally, these BSCs control the drive state (active or high-impedance) of their respective outputs. 

The BSR order of scan is from TDI through bits 39-0 to TDO. Table 1 shows the BSR bits and their associated 
device pin signals. 
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Table 1. Boundary-Scan Register Configuration 
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boundary-control register 

The boundary-control register (BCR) is 11 bits long. The BCR is used in the context of the RUNT instruction to 
implement additional test operations not included in the basic SCOPE™ instruction set. Such operations include 
PRPG, PSA with input masking, and binary count up (COUNT). Table 4 shows the test operations that are 
decoded by the BCR. 

During Capture-DR, the contents of the BCR are not changed. At power up or in Test-Logic-Reset, the BCR is 
reset to the binary value 0000000001 0, which selects the PSA test operation with no input masking. 

The BCR order of scan is from TDI through bits 1 0-0 to TDO. Table 2 shows the BCR bits and their associated 
test control signals. 



Table 2. Boundary-Control Register Configuration 
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bypass register 

The bypass register is a 1-bit scan path that can be selected to shorten the length of the system scan path, 
thereby reducing the number of bits per test pattern that must be applied to complete a test operation. During 
Capture-DR, the bypass register captures a logic 0. The bypass register order of scan is shown in Figure 3. 
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Figure 3. Bypass Register Order of Scan 
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instruction-register opcode description 

The instruction-register opcodes are shown in Table 3. The following descriptions detail the operation of 
each instruction. 



Table 3. Instruction-Register Opcodes 



BINARY CODET 
BIT 7 -» BIT 0 
MSB — > LSB 


SCOPE OPCODE 


DESCRIPTION 


SELECTED DATA 
REGISTER 


MODE 


00000000 


EXTEST/I NTEST 


Boundary scan 


Boundary scan 


Test 


10000001 


nx/PiA not 

BYPASS+ 


Bypass scan 


Bypass 


Normal 


10000010 


SAMPLE/PRELOAD 


Sample boundary 


Boundary scan 


Normal 


00000011 


INTEST/EXTEST 


Boundary scan 


Boundary scan 


Test 


IUUUU1UU 


RVDAQQt 
DT rAooT 


Bypass scan 


Bypass 


Normal 


00000101 


BYPASS* 


Bypass scan 


Bypass 


Normal 


00000110 


HIGHZ 


Control boundary to high impedance 


Bypass 


Modified test 


10000111 


CLAMP 


Control boundary to 1/0 


Bypass 


Test 


10001000 


BYPASS* 


Bypass scan 


Bypass 


Normal 


00001001 


RUNT 


Boundary run test 


Bypass 


Test 


00001010 


READBN 


Boundary read 


Boundary scan 


Normal 


10001011 


READBT 


Boundary read 


Boundary scan 


Test 


00001100 


CELLTST 


Boundary self test 


Boundary scan 


Normal 


10001101 


TOPHIP 


Boundary toggle outputs 


Bypass 


Test 


10001110 


SCANCN 


Boundary-control register scan 


Boundary control 


Normal 


00001111 


SCANCT 


Boundary-control register scan 


Boundary control 


Test 


All others 


BYPASS 


Bypass scan 


Bypass 


Normal 



t Bit 7 is used to maintain even parity in the 8-bit instruction. 

* The BYPASS instruction is executed in lieu of a SCOPE™ instruction that is not supported in the 'ABT8543. 



boundary scan 

This instruction conforms to the IEEE Standard 1149.1-1990 EXTEST and INTEST instructions. The BSR is 
selected in the scan path. Data appearing at the device input pins is captured in the input BSCs, while data 
appearing at the outputs of the normal on-chip logic is captured in the output BSCs. Data that has been scanned 
into the input BSCs is applied to the inputs of the normal on-chip logic, while data that has been scanned into 
the output BSCs is applied to the device output pins. The device operates in the test mode. 

bypass scan 

This instruction conforms to the IEEE Standard 1149.1-1990 BYPASS instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. The device 
operates in the normal mode. 

sample boundary 

This instruction conforms to the IEEE Standard 1149.1-1990 SAMPLE/PRELOAD instruction. The BSR is 
selected in the scan path. Data appearing at the device input pins is captured in the input BSCs, while data 
appearing at the outputs of the normal on-chip logic is captured in the output BSCs. The device operates in the 
normal mode. 
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control boundary to high impedance 

This instruction conforms to the IEEE Standard 11 49.1 a-1 993 HIGHZ instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. The device 
operates in a modified test mode in which ail device I/O pins are placed in the high-impedance state, the device 
input pins remain operational, and the normal on-chip logic function is performed. 

control boundary to 1/0 

This instruction conforms to the IEEE Standard 11 49.1 a-1 993 CLAMP instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. Data in the input 
BSCs is applied to the inputs of the normal on-chip logic, while data in the output BSCs is applied to the device 
output pins. The device operates in the test mode. 

boundary run test 

The bypass register is selected in the scan path. A logic 0 value is captured in the bypass register during 
Capture-DR. The device operates in the test mode. The test operation specified in the BCR is executed during 
Run-Test/Idle. The five test operations decoded by the BCR are: sample inputs/toggle outputs (TOPSIP), 
PRPG, PSA, simultaneous PSA and PRPG (PSA/PRPG), and simultaneous PSA and binary count up 
(PSA/COUNT). 

boundary read 

The BSR is selected in the scan path. The value in the BSR remains unchanged during Capture-DR. This 
instruction is useful for inspecting data after a PSA operation. 

boundary self test 

The BSR is selected in the scan path. All BSCs capture the inverse of their current values during Capture-DR. 
In this way, the contents of the shadow latches can be read out to verify the integrity of both shift-register and 
shadow-latch elements of the BSR. The device operates in the normal mode. 

boundary toggle outputs 

The bypass register is selected in the scan path. A logic 0 value is captured in the bypass register during 
Capture-DR. Data in the shift-register elements of the selected output BSCs is toggled on each rising edge of 
TCK in Run-Test/ldle, updated in the shadow latches, and applied to the associated device output pins on each 
falling edge of TCK in Run-Test/Idle. Data in the selected input BSCs remains constant and is applied to the 
inputs of the normal on-chip logic. Data appearing at the device input pins is not captured in the input BSCs. 
The device operates in the test mode. 

boundary-control-register scan 

The BCR is selected in the scan path. The value in the BCR remains unchanged during Capture-DR. This 
operation must be performed before a boundary-run test operation to specify which test operation is to 
be executed. 
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boundary-control-register opcode description 

The BCR opcodes are decoded from BCR bits 2-0 as shown in Table 4. The selected test operation is performed 
while the RUNT instruction is executed in the Run-Test/ldle state. The following descriptions detail the operation 
of each BCR instruction and illustrate the associated PSA and PRPG algorithms. 



Table 4. Boundary-Control Register Opcodes 



BINARY CODE 
BIT 2 -> BIT 0 
MSB -> LSB 


DESCRIPTION 


XOO 


Sample inputs/toggle outputs (TOPSIP) 


X01 


Pseudo-random pattern generation/1 6-bit mode (PRPG) 


X10 


Parallel-signature analysis/1 6-bit mode (PSA) 


011 


Simultaneous PSA and PRPG/8-bit mode (PSA/PRPG) 


111 


Simultaneous PSA and binary count up/8-bit mode (PSA/COUNT) 



In general, while the control input BSCs (bits 39-32) are not included in the sample, toggle, PSA, PRPG, or 
COUNT algorithms, the output-enable BSCs (bits 39-38 of the BSR) do control the drive state (active or high 
impedance) of the selected device output pins. These BCR instructions are valid only when the device is 
operating in one direction of data flow (that is, OEA * OEB). Otherwise, the bypass instruction is operated. 

PSA input masking 

Bits 10-3 of the BCR specify device input pins to be masked from PSA operations. Bit 10 selects masking for 
device input pin A8 during A-to-B data flow or for device input pin B8 during B-to-A data flow. Bit 3 selects 
masking for device input pins A1 or B1 during A-to-B or B-to-A data flow, respectively. Bits intermediate to 10 
and 3 mask corresponding device input pins, in order, from most significant to least significant, as indicated in 
Table 3. When the mask bit that corresponds to a particular device input has a logic 1 value, the device input 
pin is masked from any PSA operation, i.e., the state of the device input pin is ignored and has no effect on the 
generated signature. Otherwise, when a mask bit has a logic 0 value, the corresponding device input is not 
masked from the PSA operation. 

sample inputs/toggle outputs (TOPSIP) 

Data appearing at the selected device input pins is captured in the shift-register elements of the selected BSCs 
on each rising edge of TCK. This data is updated in the shadow latches of the selected input BSCs and applied 
to the inputs of the normal on-chip logic. Data in the shift-register elements of the selected output BSCs is 
toggled on each rising edge of TCK, updated in the shadow latches, and applied to the associated device output 
pins on each falling edge of TCK. 
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pseudo-random pattern generation (PRPG) 

A pseudo-random pattern is generated in the shift-register elements of the selected BSCs on each rising edge 
of TCK, updated in the shadow latches, and applied to the associated device output pins on each falling edge 
of TCK. This data also is updated in the shadow latches of the selected input BSCs and applied to the inputs 
of the normal on-chip logic. Figures 4 and 5 show the 1 6-bit linear-feedback shift-register algorithms through 
which the patterns are generated. An initial seed value should be scanned into the BSR before performing this 
operation. A seed value of all zeroes does not produce additional patterns. 
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Figure 4. 16-Bit PRPG Configuration (OEA = 0, OEB = 1) 
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parallel-signature analysis (PSA) 

Data appearing at the selected device input pins is compressed into a 16-bit parallel signature in the 
shift-register elements of the selected BSCs on each rising edge of TCK. This data is updated in the shadow 
latches of the selected input BSCs and applied to the inputs of the normal on-chip logic. Data in the shadow 
latches of the selected output BSCs remains constant and is applied to the device outputs. Figures 6 and 7 show 
the 16-bit linear-feedback shift-register algorithms through which the signature is generated. An initial seed 
value should be scanned into the BSR before performing this operation. 
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Figure 6. 16-Bit PSA Configuration (OEA = 0, OEB = 1) 
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Figure 7. 16-Bit PSA Configuration (OEA = 1, OEB = 0) 
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simultaneous PSA and PRPG (PSA/PRPG) 

Data appearing at the selected device input pins is compressed into an 8-bit parallel signature in the 
shift-register elements of the selected input BSCs on each rising edge of TCK. This data is updated in the 
shadow latches of the selected input BSCs and applied to the inputs of the normal on-chip logic. At the same 
time, an 8-bit pseudo-random pattern is generated in the shift-register elements of the selected output BSCs 
on each rising edge of TCK, updated in the shadow latches, and applied to the associated device output pins 
on each falling edge of TCK. Figures 8 and 9 show the 8-bit linear-feedback shift-register algorithms through 
which the signature and patterns are generated. An initial seed value should be scanned into the BSR before 
performing this operation. A seed value of all zeroes does not produce additional patterns. 
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Figure 8. 8-Bit PSA/PRPG Configuration (OEA = 0, OEB = 1) 
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Figure 9. 8-Bit PSA/PRPG Configuration (OEA = 1, OEB = 0) 
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simultaneous PSA and binary count up (PSA/COUNT) 

Data appearing at the selected device input pins is compressed into an 8-bit parallel signature in the 
shift-register elements of the selected input BSCs on each rising edge of TCK. This data is updated in the 
shadow latches of the selected input BSCs and applied to the inputs of the normal on-chip logic. At the same 
time, an 8-bit binary count-up pattern is generated in the shift-register elements of the selected output BSCs 
on each rising edge of TCK, updated in the shadow latches, and applied to the associated device output pins 
on each falling edge of TCK. The shift-register elements of the opposite output BSCs count carries out of the 
selected output BSCs, extending the count to 16 bits. Figures 10 and 11 show the 8-bit linear-feedback 
shift-register algorithms through which the signature is generated. An initial seed value should be scanned into 
the BSR before performing this operation. 
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timing description 

All test operations of the 'ABT8543 are synchronous to TCK. Data on the TDI, TMS, and normal-function inputs 
is captured on the rising edge of TCK. Data appears on the TDO and normal-function output pins on the falling 
edge of TCK. The TAP controller is advanced through its states (as shown in Figure 1) by changing the value 
of TMS on the falling edge of TCK and then applying a rising edge to TCK. 

A simple timing example is shown in Figure 12. In this example, the TAP controller begins in the 
Test-Logic-Reset state and is advanced through its states, as necessary, to perform one instruction-register 
scan and one data-register scan. While in the Shift-IR and Shift-DR states, TDI is used to input serial data, and 
TDO is used to output serial data. The TAP controller is then returned to the Test-Logic-Reset state. Table 5 
details the operation of the test circuitry during each TCK cycle. 



Table 5. Explanation of Timing Example 



TCK 
CYCLE(S) 


TAP STATE 
AFTER TCK 


DESCRIPTION 


1 


Test-Logic-Reset 


TMS is changed to a logic 0 value on the falling edge of TCK to begin advancing the TAP controller toward 
the desired state. 


2 


Run-Test/Idle 




3 


Select-DR-Scan 




4 


Select-IR-Scan 




5 


Capture-IR 


The IR captures the 8-bit binary value 10000001 on the rising edge of TCK as the TAP controller exits the 
Capture-IR state. 


6 


Shift-IR 


TDO becomes active and TDI is made valid on the falling edge of TCK. The first bit is shifted into the TAP 
on the rising edge of TCK as the TAP controller advances to the next state. 


7-13 


Shift-IR 


One bit is shifted into the IR on each TCK rising edge. With TDI held at a logic 1 value, the 8-bit binary value 
1 1 1 1 1 1 1 1 is serially scanned into the IR. At the same time, the 8-bit binary value 1 0000001 is serially scanned 
out of the IR via TDO. In TCK cycle 13, TMS is changed to a logic 1 value to end the IR scan on the next 
TCK cycle. The last bit of the instruction is shifted as the TAP controller advances from Shift-IR to Exit1-IR. 


14 


ExitMR 


TDO becomes inactive (goes to the high-impedance state) on the falling edge of TCK. 


15 


Update-IR 


The IR is updated with the new instruction (BYPASS) on the falling edge of TCK. 


16 


Select-DR-Scan 




17 


Capture-DR 


The bypass register captures a logic 0 value on the rising edge of TCK as the TAP controller exits the 
Capture-DR state. 


18 


Shift-DR 


TDO becomes active and TDI is made valid on the falling edge of TCK. The first bit is shifted into the TAP 
on the rising edge of TCK as the TAP controller advances to the next state. 


19-20 


Shift-DR 


The binary value 101 is shifted in via TDI, while the binary value 010 is shifted out via TDO. 


21 


Exit1-DR 


TDO becomes inactive (goes to the high-impedance state) on the falling edge of TCK. 


22 


Update-DR 


In general, the selected data register is updated with the new data on the falling edge of TCK. 


23 


Select-DR-Scan 




24 


Select-IR-Scan 




25 


Test-Logic-Reset 


Test operation completed 
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TAP 
Controller 
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t-DR 
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3 

CC 


Selec 


Sele 



3-State (TDO) or Don't Care (TDI) 
Figure 12. Timing Example 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, V<x -0-5 V to 7 V 

Input voltage range, V|: except I/O ports (see Note 1) -0.5 V to 7 V 

I/O ports (see Note 1 ) -0.5 V to 5.5 V 

Voltage range applied to any output in the high state or power-off state, Vq -0.5 V to 5.5 V 

Current into any output in the low state, lo: SN54ABT8543 96 mA 

SN74ABT8543 128mA 

Input clamp current, I|k (V| < 0) -1 8 mA 

Output clamp current, Iok ( v 0 < °) ■ ■ ~ 50 mA 

Maximum power dissipation at Ta = 55°C (in still air) (see Note 2): DL package 0.7 W 

DW package 1 .7 W 

Storage temperature range, T s t g -65°C to 1 50°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 
NOTES: 1 . The input and output negative-voltage ratings can be exceeded if the input and output clamp-current ratings are observed. 

2. The maximum package power dissipation is calculated using a junction temperature of 1 50°C and a board trace length of 750 mils. 
For more information, referto the Package Thermal Considerations application note in the ABT Advanced BiCMOS Technology Data 
Book, literature number SCBD002. 
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recommended operating conditions (see Note 3) 







SN54ABT8543 


SN74ABT8543 


UNIT 






MIN 


MAX 


MIN 


MAX 


vcc 


Supply voltage 


4.5 


5.5 


4.5 


5.5 


V 


V|H 


High-level input voltage 


2 


2 


V 


V|L 


Low-level input voltage 


0.8 


0.8 


V 


V| 


Input voltage 


0 


vcc 


0 


vcc 


V 


'OH 


High-level output current 


-24 


-32 


mA 


lOL 


Low-level output current 


48 


64 


mA 


At/Av 


Input transition rise or fall rate 


10 


10 


nsA/ 


TA 


Operating free-air temperature 


-55 


125 


-40 


85 


°C 



NOTE 3: Unused pins (input or I/O) must be held high or low to prevent them from floating. 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


Ta = 25°C 


SN54ABT8543 


SN74ABT8543 


UNIT 


MIN TYPt MAX 


MIN MAX 


MIN MAX 


V|K 


Vcc = 4.5 V, l|=-18mA 


-1.2 


-1.2 


-1.2 


V 


VOH 


Vcc = 4 -5 v > 'OH = -3 mA 


2.5 


2.5 


2.5 


V 


Vcc = 5V, l 0 H=-3mA 


3 


3 


3 


V C C - 4.5 V 


'OH = _ 24 mA 


2 


2 




l0H = -32 mA 


2* 




2 


vol 


V C C - 4-5V 


lOL = 48 mA 


0.55 


0.55 




V 


Iql = 64 mA 


0.55* 




0.55 


i| 


CE, LE, 
OE, TCK 


Vcc - 5 - 5 V, V| = Vcc or GND 


±1 


±1 


±1 


jiA 


A or B ports 


Vcc = 5.5 V, V| = Vcc or GND 


±100 


±100 


±100 


l|H 


TDI.TMS 


V C C = 5.5 V, V|=V C C 


10 


10 


10 


HA 


l|L 


TDI.TMS 


Vcc = 5.5 V, V| = GND 


-40 -160 


-40 -160 


-AO -160 


HA 


lOZH* 


Vcc = 5.5 V, Vo » 2.7 V 


50 


50 


50 


HA 


'OZL* 


V C C - 5-5 V, Vo = 0.5 V 


-50 


-50 


-50 


HA 


•off 


Vcc = 0, V|orVQ<4.5V 


±100 




±100 


HA 


lOZPU 


Vcc-0to2V, Vo = 0.5Vor2.7V 


±50 


±50 


±50 


jiA 


'OZPD 


Vcc = 2 V to 0, Vo = 0.5 V or 2.7 V 


±50 


±50 


±50 


HA 


ICEX 


Outputs high 


Vcc = 5.5 V, Vo = 5.5 V 


50 


50 


50 


HA 


l 0 § 


Vcc = 5.5 V, V 0 = 2.5 V 


-50 -100 -180 


-50 -180 


-50 -180 


mA 


>CC 


A or B ports 


V C C - 5.5 V, 

io-o, 

V| = Vcc or GND 


Outputs high 


0.9 2 


2 


2 


mA 


Outputs low 


30 38 


38 


38 


Outputs disabled 


0.9 2 


2 


2 


Alec 11 


Vcc = 5.5 V, One input at 3.4 V, 
Other inputs at Vcc or G ND 


1.5 


1.5 


1.5 


mA 


Cj 


Control inputs 


V| = 2.5 V or 0.5 V 


3 






PF 


Cj 0 


A or B ports 


Vo - 2.5 V or 0.5 V 


10 






PF 


Co 


TDO 


Vq - 2.5 V or 0.5 V 


8 






PF 



* On products compliant to MIL-PRF-38535, this parameter does not apply, 
t All typical values are at Vcc = 5 V. 

i The parameters lozH ancl 'OZL include the input leakage current. 

§ Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 
1f This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 



Texas 
Instruments 

3-46 POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 



SN54ABT8543, SN74ABT8543 
SCAN TEST DEVICES WITH 
OCTAL REGISTERED BUS TRANSCEIVERS 



timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (normal mode) (see Figure 13) 









SN54ABT8543 


SN74ABT8543 


UNIT 








MIN MAX 


MIN MAX 


tw 


Pulse duration 


LEAB or LEBA high or low 


3 


3 


ns 


tsu 


Setup time 


A before LEAB? or B before LEBAt 


3.5 


3 


ns 


th 


Hold time 


A after LEABT or B after LEBAt 


1.5 


0.5 


ns 



timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (test mode) (see Figure 13) 





SN54ABT8543 


SN74ABT8543 


UNIT 


MIN MAX 


MIN MAX 


'clock Clock frequency 


TCK 


0 50 


0 50 


MHz 


t w Pulse duration 


TCK high or low 


5 


5 


ns 


t su Setup time 


A or B or CE or LE or OE before TCKt 


6 


5 


ns 


TDI before TCKt 


6.5 


6 


TMS before TCKt 


6 


6 


th Hold time 


A or B or CE or LE or OE after TCK? 


0.5 


0 


ns 


TDI after TCKT 


0 


0 


TMS after TCKt 


0 


0 


td Delay time 


Power up to TCKT 


50* 


50 


ns 


t r Rise time 


Vcc power up 


1* 


1 


US 



* On products compliant to MIL-PRF-38535, this parameter is not production tested. 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (normal mode) (see Figure 13) 









SN54ABT8543 




PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V C C = 5 V, 
T A = 25 8 C 


MIN 


MAX 


UNIT 








MIN 


TYP 


MAX 








tPLH 


A or B 


B or A 


2 


3.7 


4.7 


2 


5.5 


ns 


tPHL 


1.5 


3.5 


4.4 


1.5 


5.8 


tPLH 


LEAB or LEBA 


d or A 


2 


4.7 


5.6 


2 


8.1 


ns 


tPHL 


1.5 


4.1 


5 


1.5 


7.3 


IPZH 




Bor A 


2 


4.2 


5.2 


2 


7.5 


ns 


tPZL 


CEAB or CEBA 


2 


4.7 


6.1 


2 


8.4 


tPZH 




Bor A 


2 


4.4 


5.4 


2 


6.7 


ns 


tPZL 


OEAB orOEBA 


2 


5.2 


7.4 


2 


7.6 


tPHZ 




Bor A 


2.5 


5.8 


6.8 


2.5 


9.1 


ns 


tPLZ 


CEAB or CEBA 


2.5 


5.3 


6.3 


2.5 


8.7 


tPHZ 


OEAB or OEBA 


Bor A 


2 


5.9 


6.9 


2 


8.3 


ns 


tPLZ 


2 


5.2 


6.2 


2 


7.8 



switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (normal mode) (see Figure 13) 









SN74ABT8543 




PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V C C = 5 V, 
Ta = 25°C 


MIN 


MAX 


UNIT 








MIN 


TYP 


MAX 








tPLH 


AorB 


Bor A 


2 


3.7 


4.5 


2 


5.2 


ns 


IPHL 


1.5 


3.5 


4.4 


1.5 


5.5 


*PLH 


LEAB or LEBA 


Bor A 


2 


4.7 


5.6 


2 


7.8 


ns 


tPHL 


1.5 


4.1 


5 


1.5 


6.9 


tPZH 


CEAB or CEBA 


Bor A 


2 


4.2 


5.2 


2 


7.2 


ns 


tPZL 


2 


4.7 


5.7 


2 


8.3 


tPZH 




Bor A 


2 


4.4 


5.4 


2 


6.5 


ns 


tPZL 


OEAB or OEBA 


2 


5.2 


6.2 


2 


7.5 


tPHZ 




Bor A 


2.5 


5.8 


6.8 


2.5 


8.8 


ns 


tPLZ 


CEAB or CEBA 


2.5 


5.3 


6.3 


2.5 


8 


tPHZ 


OEAB or OEBA 


Bor A 


2 


5.9 


6.9 


2 


7.9 


ns 


tPLZ 


2 


5.2 


6.2 


2 


7.4 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (test mode) (see Figure 13) 



PARAMETFR 


FROM 
(INPUT) 


TO 
(OUTPUT) 


Vcc = 5 V, 
T A = 25°C 


SN54ABT8543 


SN74ABT8543 


UNIT 




MIN 


TYP 


MAX 


MIN 


MAX 


MIN 


MAX 




'max 


TCK 




50 


90 




50 


50 


MHz 


tPLH 


TCKi 


AorB 


3.5 


8 


9.5 


3.5 


12.7 


3.5 


12 


ns 


'PHL 


3 


7.7 


9 


3 


12 


3 


11.5 


tPLH 


TCK4- 


TDO 


2.5 


4.3 


5.5 


2.5 


7 


2.5 


6.5 


ns 


tPHL 


2.5 


4.2 


5.5 


2.5 


7 


2.5 


6.5 


tpZH 


TCKJ. 


AorB 


4.5 


8.2 


9.5 


4.5 


12.5 


4.5 


12 


ns 


tpZL 


4.5 


9 


10.5 


4.1 


13.5 


4.5 


13 


tpZH 


TCK4- 


TDO 


2.5 


4.3 


5.5 


2.5 


7 


2.5 


6.5 


ns 


*PZL 


2.5 


4.9 


6 


2.5 


7.5 


2.5 


7 


tPHZ 


TCK4- 


AorB 


3.5 


8.4 


10.5 


3.5 


14 


3.5 


13.5 


ns 


tPLZ 


3 


8 


10.5 


3 


13.5 


3 


13 


tPHZ 


TCK4- 


TDO 


3 


5.9 


7 


3 


9 


3 


8.5 


ns 


tPLZ 


3 


5 


6.5 


3 


8 


3 


7.5 
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PARAMETER MEASUREMENT INFORMATION 



From Output 

Under Test 

C|_ = 50 pF ^ 
(see Note A) 



500 n 

-wv— 



500 a 



si/ o 

9 GND 



Open 



TEST 


S1 


tPLH/tPHL 
tPLZ'tPZL 
<PHZ'*PZH 


Open 
7V 
Open 



LOAD CIRCUIT 



Input 1.5 



t w 



VOLTAGE WAVEFORMS 
PULSE DURATION 



3V 



0V 



Timing Input 



Data Input 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



3V 
0V 



¥ 1.5 V 
-f \ 0V 



Input 



Output 



Output 



3V 
0V 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



tPZL -+\ k- | 

| tpLZ "*j ^ 



Output 
Waveform 1 
S1 at 7 V 
(see Note B) 

Output 
Waveform 2 
S1 at Open 
(see Note B) 



\l.5V Y 

\ I / vql + Q-3V 



i tpHz -*i k- 

tPZH ~*\ 



3V 
0V 

3.5 V 

vol 



V O H-0.3V V ° H 
— » 0V 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. Cl includes probe and jig capacitance. 

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

C. All input pulses are supplied by generators having the following characteristics: PRR < 10 MHz, Zq = 50 £2, t r < 2.5 ns, tf < 2.5 ns. 

D. The outputs are measured one at a time with one transition per measurement. 



Figure 13. Load Circuit and Voltage Waveforms 
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Members of the Texas Instruments 
SCOPE™ Family of Testability Products 

Compatible With the IEEE Standard 
1149.1-1990 (JTAG) Test Access Port and 
Boundary-Scan Architecture 

Functionally Equivalent to 'F646 and 
'ABT646 in the Normal-Function Mode 

SCOPE™ Instruction Set 

- IEEE Standard 1149.1-1990 Required 
Instructions, Optional INTEST, CLAMP, 
and HIGHZ 

- Parallel-Signature Analysis at Inputs 
With Masking Option 

- Pseudo-Random Pattern Generation 
From Outputs 

- Sample Inputs/Toggle Outputs 

- Binary Count From Outputs 

- Even-Parity Opcodes 

Two Boundary-Scan Cells Per I/O for 
Greater Flexibility 

State-of-the-Art EPIC-TLB™ BICMOS Design 
Significantly Reduces Power Dissipation 

Package Options Include Plastic 
Small-Outline (DW) and Shrink 
Small-Outline (DL) Packages, Ceramic Chip 
Carriers (FK), and Standard Ceramic DIPs 
(JT) 



SN54ABT8646 . . . JT PACKAGE 
SN74ABT8646 . . . DL OR DW PACKAGE 
(TOP VIEW) 

CLKAB[ 1 
SAB[ 2 
DIR[ 3 

A1[ 4 

A2[ 5 

A3[ 6 
GND[ 7 

A4[ 8 

A5[ 9 

A6[ 10 

A7[ 11 

A8[ 12 
TDO[ 13 
TMS[ 14 



SN54ABT8646 . . . FK PACKAGE 
{TOP VIEW) 



t- c\j co t O m co 
m m m m > m m 




description 



/ i ii ii ii ii ii ii i — 

4 3 2 1 28 27 26 r 

OE ]5 Q 25[ B7 

SBA ]6 24[ B8 

CLKBA ]7 23[ TDI 

CLKAB ]8 22[ TCK 

SAB ]9 21 [ TMS 

DIR ] 10 20[ TDO 

A1 ] 11 19[ A8 
12 1314 15 16 17 18 

nnnnnnn 



N n Q f U) <D N 
< < z < < < < 



The 'ABT8646 and scan test devices with octal 
bus transceivers and registers are members of the 
Texas Instruments SCOPE™ testability 
integrated-circuit family. This family of devices 
supports IEEE Standard 1149.1-1990 boundary 
scan to facilitate testing of complex circuit-board 
assemblies. Scan access to the test circuitry is 
accomplished via the 4-wire test access port 
(TAP) interface. 

In the normal mode, these devices are functionally equivalent to the 'F646 and 'ABT646 octal bus transceivers 
and registers. The test circuitry can be activated by the TAP to take snapshot samples of the data appearing 
at the device pins or to perform a self test on the boundary-test cells. Activating the TAP in normal mode does 
not affect the functional operation of the SCOPE™ octal bus transceivers and registers. 



SCOPE and EPIC-IIB are trademarks of Texas Instruments Incorporated. 



i oi publication date. Copyright © 1996, Texas Instruments Incorporated 

testing of all parameters. yf processing does not necessarily Include testing of all parameters. 
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description (continued) 

Transceiver function is controlled by output-enable (OE) and direction (DIR) inputs. When OE is low, the 
transceiver is jictive and operates in the A-to-B direction when DIR is high or in the B-to-A direction when DIR 
is low. When OE is high, both the A and B outputs are in the high-impedance state, effectively isolating both 
buses. 

Data flow is controlled by clock (CLKAB and CLKBA) and select (SAB and SBA) inputs. Data on the A bus is 
clocked into the associated registers on the low-to-high transition of CLKAB. When SAB is low, real-time A data 
is selected for presentation to the B bus (transparent mode). When SAB is high, stored A data is selected for 
presentation to the B bus (registered mode). The function of the CLKBA and SBA inputs mirrors that of CLKAB 
and SAB, respectively. Figure 1 shows the four fundamental bus-management functions that can be performed 
with the 'ABT8646. 

In the test mode, the normal operation of the SCOPE™ bus transceivers and registers is inhibited and the test 
circuitry is enabled to observe and control the I/O boundary of the device. When enabled, the test circuitry 
performs boundary-scan test operations as described in IEEE Standard 1149.1-1990. 

Four dedicated test pins control the operation of the test circuitry: test data input (TDI), test data output (TDO), 
test mode select (TMS), and test clock (TCK). Additionally, the test circuitry performs other testing functions 
such as parallel-signature analysis (PSA) on data inputs and pseudo-random pattern generation (PRPG) from 
data outputs. All testing and scan operations are synchronized to the TAP interface. 

The SN54ABT8646 is characterized for operation over the full military temperature range of -55°C to 1 25°C. 
The SN74ABT8646 is characterized for operation from -40°C to 85°C. 



FUNCTION TABLE 



INPUTS 


DATA I/O 


OPERATION OR FUNCTION 


OE 


DIR 


CLKAB 


CLKBA 


SAB 


SBA 


A1-A8 


B1-B8 


X 


X 


t 


X 


X 


X 


Input 


Unspecifiedt 


Store A, B unspecifiedt 


X 


X 


X 


T 


X 


X 


Unspecifiedt 


Input 


Store B, A unspecifiedt 


H 


X 


T 


T 


X 


X 


Input 


Input 


Store A and B data 


H 


X 


L 


L 


X 


X 


Input disabled 


Input disabled 


Isolation, hold storage 


L 


L 


X 


X 


X 


L 


Output 


Input 


Real-time B data to A bus 


L 


L 


X 


X 


X 


H 


Output 


Input disabled 


Stored B data to A bus 


L 


H 


X 


X 


L 


X 


Input 


Output 


Real-time A data to B bus 


L 


H 


X 


X 


H 


X 


Input disabled 


Output 


Stored A data to B bus 



t The data-output functions can be enabled or disabled by various signals at OE and DIR. Data-input functions are always enabled; i.e., data at 



the bus pins is stored on every low-to-high transition of the clock inputs. 
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26 3 1 28 2 27 

OE DIR CLKAB CLKBA SAB SBA 
L L X X X L 

REAL-TIME TRANSFER 
BUS B TO BUS A 



26 3 1 28 2 27 

OE DIR CLKAB CLKBA SAB SBA 
L H X X L X 

REAL-TIME TRANSFER 
BUS A TO BUSB 




26 3 1 28 2 27 

OE DIR CLKAB CLKBA SAB SBA 

XX T X X X 

X X X T X X 

H X T T X X 

STORAGE FROM 
A, B, OR A AND B 



^ 



TRANSFER STORED DATA 
TO A AND/ORB 



Pin numbers shown are for the DL, DW, and JT packages. 

Figure 1. Bus-Management Functions 
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functional block diagram 



OE 



26 



DIR 



CLKBA 



SBA 



28 



27 



CLKAB 



SAB 



0~ 

0~ 
>~ 

D> 

O- 
>- 



ru>- 



A1- 



v cc - 



TDI 
V CC 



TCK 



TO 



Boundary-Scan Register 



> C1 
1D 



o> 





C1 



1D 



One of Eight Channels 



. - I 



-On 



25 



B1 



Bypass Register 



Boundary-Control 
Register 



r 



Instruction Register 



13 




TDO 



TAP 
Controller 



Pin numbers shown for the DL, DW, and JT packages. 
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Terminal Functions 


TERMINAL 
NAME 


DESCRIPTION 


A1-A8 


Normal-function A-bus I/O ports. See function table for normal-mode logic. 


B1-B8 


Normal-function B-bus I/O ports. See function table for normal-mode logic. 


CLKAB, CLKBA 


Normal-function clock inputs. See function table for normal-mode logic. 


DIR 


Normal-function direction-control input. See function table for normal-mode logic. 


GND 


Ground 




Normal-function output-enable input. See function table for normal-mode logic. 


SAB SBA 


Normal-function select inputs. See function table for normal-mode logic. 


TCK 


Test clock. One of four terminals required by I EEE Standard 1 1 49.1 -1 990. Test operations of the device are synchronous 
to TCK. Data is captured on the rising edge of TCK, and outputs change on the falling edge of TCK. 


TDI 


Test data input. One of four terminals required by IEEE Standard 1149.1-1990. TDI is the serial input for shifting data 
through the instruction register or selected data register. An internal pullup forces TDI to a high level if left unconnected. 


TDO 


Test data output. One of four terminals required by I EEE Standard 1 1 49. 1 -1 990. TDO is the serial output for shifting data 
through the instruction register or selected data register. 


TMS 


Test mode select. One of four terminals required by IEEE Standard 1149.1-1990. TMS input directs the device through 
its TAP controller states. An internal pullup forces TMS to a high level if left unconnected. 


v C c 


Supply voltage 
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test architecture 

Serial-test information is conveyed by means of a 4-wire test bus or TAP, that conforms to IEEE Standard 
1149.1-1990. Test instructions, test data, and test control signals all are passed along this serial-test bus. The 
TAP controller monitors two signals from the test bus, TCK and TMS. The TAP controller extracts the 
synchronization (TCK) and state control (TMS) signals from the test bus and generates the appropriate on-chip 
control signals for the test structures in the device. Figure 2 shows the TAP-controller state diagram. 

The TAP controller is fully synchronous to the TCK signal. Input data is captured on the rising edge of TCK and 
output data changes on the falling edge of TCK. This scheme ensures that data to be captured is valid for fully 
one-half of the TCK cycle. 

The functional block diagram shows the IEEE Standard 1149.1-1990 4-wire test bus and boundary-scan 
architecture and the relationship among the test bus, the TAP controller, and , the test registers. As shown, the 
device contains an 8-bit instruction register and three test-data registers: a 40-bit boundary-scan register, an 
11 -bit boundary-control register, and a 1-bit bypass register. 



TMS = H 



TMS = L 




Test-Logic-Reset y+ 



> 



TMS = L 



Run-Test/ldle 
1 



>TMS = H y 



Select-DR-Scan 



> 
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< 
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> 



TMS = H 



TMS = L 



Capture-DR 
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Exlt2-IR 
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> 



< 
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TMS = H 
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Figure 2. TAP-Controller State Diagram 
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state diagram description 

The TAP controller is a synchronous finite state machine that provides test control signals throughout the device. 
The state diagram shown in Figure 2 is in accordance with IEEE Standard 1149.1-1990. The TAP controller 
proceeds through its states based on the level of TMS at the rising edge of TCK. 

As shown, the TAP controller consists of 1 6 states. There are six stable states (indicated by a looping arrow in 
the state diagram) and ten unstable states. A stable state is a state the TAP controller can retain for consecutive 
TCK cycles. Any state that does not meet this criterion is an unstable state. 

There are two main paths through the state diagram: one to access and control the selected data register and 
one to access and control the instruction register. Only one register can be accessed at a time. 

Test-Logic-Reset 

The device powers up in the Test-Logic-Reset state. In the stable Test-Logic-Reset state, the test logic is reset 
and is disabled so that the normal logic function of the device is performed. The instruction register is reset to 
an opcode that selects the optional IDCODE instruction, if supported, or the BYPASS instruction. Certain data 
registers also can be reset to their power-up values. 

The state machine is constructed such that the TAP controller returns to the Test-Logic-Reset state in no more 
than five TCK cycles if TMS is left high. The TMS pin has an internal pullup resistor that forces it high if left 
unconnected or if a board defect causes it to be open circuited. 

For the "ABT8646, the instruction register is reset to the binary value 11111111 , which selects the BYPASS 
instruction. Each bit in the boundary-scan register is reset to logic 0. The boundary-control register is reset to 
the binary value 00000000010, which selects the PSA test operation with no input masking. 

Run-Test/Idle 

The TAP controller must pass through the Run-Test/ldle state (from Test-Logic-Reset) before executing any test 
operations. The Run-Test/ldle state also can be entered following data-register or instruction-register scans. 
Run-Test/ldle is a stable state in which the test logic can be actively running a test or can be idle. 

The test operations selected by the boundary-control register are performed while the TAP controller is in the 
Run-Test/Idle state. 

Select-DR-Scan, Select-IR-Scan 

No specific function is performed in the Select-DR-Scan and Select-IR-Scan states, and the TAP controller exits 
either of these states on the next TCK cycle. These states allow the selection of either data-register scan or 
instruction-register scan. 

Capture-DR 

When a data-register scan is selected, the TAP controller must pass through the Capture-DR state. In the 
Capture-DR state, the selected data register can capture a data value as specified by the current instruction. 
Such capture operations occur on the rising edge of TCK, upon which the TAP controller exits the 
Capture-DR state. 

Shlft-DR 

Upon entry to the Shift-DR state, the data register is placed in the scan path between TDI and TDO and, on the 
first falling edge of TCK, TDO goes from the high-impedance state to an active state. TDO enables to the logic 
level present in the least-significant bit of the selected data register. 

While in the stable Shift-DR state, data is serially shifted through the selected data register on each TCK cycle. 
The first shift occurs on the first rising edge of TCK after entry to the Shift-DR state (i.e., no shifting occurs during 
the TCK cycle in which the TAP controller changes from Capture-DR to Shift-DR or from Exit2-DR to Shift-DR). 
The last shift occurs on the rising edge of TCK, upon which the TAP controller exits the Shift-DR state. 
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Exlt1-DR, Exlt2-DR 

The Exit1-DR and Exit2-DR states are temporary states that end a data-register scan. It is possible to return 
to the Shift-DR state from either Exit1-DR or Exit2-DR without recapturing the data register. 

On the first falling edge of TCK after entry to Exitl-DR, TDO goes from the active state to the 
high-impedance state. 

Pause-DR 

No specific function is performed in the stable Pause-DR state, in which the TAP controller can remain 
indefinitely. The Pause-DR state suspends and resumes data-register scan operations without loss of data. 

Update-DR 

If the current instruction calls for the selected data register to be updated with current data, then such update 
occurs on the falling edge of TCK, following entry to the Update-DR state. 

Capture-IR 

When an instruction-register scan is selected, the TAP controller must pass through the Capture-IR state. In 
the Capture-IR state, the instruction register captures its current, status value. This capture operation occurs 
on the rising edge of TCK upon, which the TAP controller exits the Capture-IR state. 

For the 'ABT8646, the status value loaded in the Capture-IR state is the fixed binary value 10000001 . 

Shift-IR 

Upon entry to the Shift-IR state, the instruction register is placed in the scan path between TDI and TDO and, 
on the first falling edge of TCK, TDO goes from the high-impedance state to an active state. TDO enables to 
the logic level present in the least-significant bit of the instruction register. 

While in the stable Shift-IR state, instruction data is serially shifted through the instruction register on each TCK 
cycle. The first shift occurs on the first rising edge of TCK after entry to the Shift-IR state (i.e., no shifting occurs 
during the TCK cycle in which the TAP controller changes from Capture-IR to Shift-IR or from Exit2-IR to 
Shift-IR). The last shift occurs on the rising edge of TCK, upon which the TAP controller exits the Shift-IR state. 

Exit1-IR, Exit2-IR 

The Exit1-IR and Exit2-IR states are temporary states that end an instruction-register scan. It is possible to 
return to the Shift-IR state from either Exit1-IR or Exit2-IR without recapturing the instruction register. 

On the first falling edge of TCK after entry to Exit1-IR, TDO goes from the active state to the 
high-impedance state. 

Pause-IR 

No specific function is performed in the stable Pause-IR state, in which the TAP controller can remain 
indefinitely. The Pause-IR state suspends and resumes instruction-register scan operations without loss 
of data. 

Update-IR 

The current instruction is updated and takes effect on the falling edge of TCK, following entry to the 
Update-IR state. 
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register overview 

With the exception of the bypass register, any test register can be thought of as a serial-shift register with a 
shadow latch on each bit. The bypass register differs in that it contains only a shift register. During the 
appropriate capture state (Capture-IR for instruction register, Capture-DR for data registers), the shift register 
can be parallel loaded from a source specified by the current instruction. During the appropriate shift state 
(Shift-IR or Shift-DR), the contents of the shift register are shifted out from TDO while new contents are shifted 
in at TDI. During the appropriate update state (Update-IR or Update-DR), the shadow latches are updated from 
the shift register. 

instruction register description 

The instruction register (IR) is eight bits long and tells the device what instruction is to be executed. Information 
contained in the instruction includes the mode of operation (either normal mode, in which the device performs 
its normal logic function, or test mode, in which the normal logic function is inhibited or altered), the test operation 
to be performed, which of the three data registers is to be selected for inclusion in the scan path during 
data-register scans, and the source of data to be captured into the selected data register during Capture-DR. 

Table 3 lists the instructions supported by the 'ABT8646. The even-parity feature specified for SCOPE™ devices 
is supported in this device. Bit 7 of the instruction opcode is the parity bit. Any instructions that are defined for 
SCOPP M devices but are not supported by this device default to BYPASS. 

During Capture-IR, the IR captures the binary value 1 0000001 . As an instruction is shifted in, this value is shifted 
out via TDO and can be inspected as verification that the IR is in the scan path. During Update-IR, the value 
that has been shifted into the IR is loaded into shadow latches. At this time, the current instruction is updated, 
and any specified mode change takes effect. At power up or in the Test-Logic-Reset state, the IR is reset to the 
binary value 11111111 , which selects the BYPASS instruction. The IR of scan is shown in Figure 3. 
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Figure 3. Instruction Register Order of Scan 
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data register description 
boundary-scan register 

The boundary-scan register (BSR) is 40 bits long. It contains one boundary-scan ceil (BSC) for each 
normal-function input pin, two BSCs for each normal-function I/O pin (one for input data and one for output data), 
and one BSC for each of the internally decoded output-enable signals (OEA and OEB). The BSR is used 1) to 
store test data that is to be applied internally to the inputs of the normal on-chip logic and/or externally to the 
device output pins, and/or 2) to capture data that appears internally at the outputs of the normal on-chip logic 
and/or externally at the device input pins. 

The source of data to be captured into the BSR during Capture-DR is determined by the current instruction. The 
contents of the BSR can change during Run-Test/ldle as determined by the current instruction. At power up or 
in Test-Logic-Reset, the value of each BSC is reset to logic 0. 

When external data is to be captured, the BSCs for signals OEA and OEB capture logic values determined by 
the following positive-logic equations: OEA = OE • DIR, and OEB = OE • DIR. When data is to be applied 
externally, these BSCs control the drive state (active or high-impedance) of their respective outputs. 

The BSR order of scan is from TDI through bits 39-0 to TDO. Table 1 shows the BSR bits and their associated 
device pin signals. 



Table 1. Boundary-Scan Register Configuration 



BSR BIT 
NUMBER 


DEVICE 
SIGNAL 


BSR BIT 
NUMBER 


DEVICE 
SIGNAL 


BSR BIT 
NUMBER 


DEVICE 
SIGNAL 


BSR BIT 
NUMBER 


DEVICE 
SIGNAL 


BSR BIT 
NUMBER 


DEVICE 
SIGNAL 


39 


OEB 


31 


A8-I 


23 


A8-0 


15 


B8-I 


7 


B8-0 


38 


OEA 


30 


A7-I 


22 


A7-0 


14 


B7-I 


6 


B7-0 


37 


DIR 


29 


A6-I 


21 


A6-0 


13 


B6-I 


5 


B6-0 


36 


OE 


28 


A5-I 


20 


A5-0 


12 


B5-I 


4 


B5-0 


35 


CLKAB 


27 


A4-I 


19 


A4-0 


11 


B4-I 


3 


B4-0 


34 


CLKBA 


26 


A3-I 


18 


A3-0 


10 


B3-I 


2 


B3-0 


33 


SAB 


25 


A2-I 


17 


A2-0 


9 


B2-I 


1 


B2-0 


32 


SBA 


24 


A1-I 


16 


A1-0 


8 


B1-I 


0 


B1-0 
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boundary-control register 

The boundary-control register (BCR) is 11 bits long. The BCR is used in the context of the RUNT instruction to 
implement additional test operations not included in the basic SCOPE™ instruction set. Such operations include 
PRPG, PSA with input masking, and binary count up (COUNT). Table 4 shows the test operations that are 
decoded by the BCR. 

During Capture-DR, the contents of the BCR are not changed. At power up or in Test-Logic-Reset, the BCR is 
reset to the binary value 0000000001 0, which selects the PSA test operation with no input masking. 

The BCR order of scan is from TDI through bits 1 0-0 to TDO. Table 2 shows the BCR bits and their associated 
test control signals. 



Table 2. Boundary-Control Register Configuration 



BCR BIT 
NUMBER 


TEST 
CONTROL 
SIGNAL 


BCR BIT 
NUMBER 


TEST 
CONTROL 
SIGNAL 


BCR BIT 
NUMBER 


TEST 
CONTROL 
SIGNAL 


10 


MASK8 


6 


MASK4 


2 


OPCODE2 


9 


MASK7 


5 


MASK3 


1 


OPCODE1 


8 


MASK6 


4 


MASK2 


0 


OPCODE0 


7 


MASK5 


3 


MASK1 







bypass register 

The bypass register is a 1-bit scan path that can be selected to shorten the length of the system scan path, 
thereby reducing the number of bits per test pattern that must be applied to complete a test operation. During 
Capture-DR, the bypass register captures a logic 0. The bypass register order of scan is shown in Figure 4. 





BitO 




► 


► 



Figure 4. Bypass Register Order of Scan 
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instruction-register opcode description 

The instruction-register opcodes are shown in Table 3. The following descriptions detail the operation of 
each instruction. 



Table 3. Instruction-Register Opcodes 



BINARY CODEt 
BIT 7 -» BIT 0 
MSB -» LSB 


SCOPE OPCODE 


DESCRIPTION 


OCLCWl tU UMIA 

REGISTER 


MODE 


00000000 


EXTEST/INTEST 


Boundary scan 


Boundary scan 


Test 


10000001 


BYPASS* 


Bypass scan 


Bypass 


Normal 


10000010 


SAMPLE/PRELOAD 


Sample boundary 


Boundary scan 


Normal 


00000011 


INTEST/EXTEST 


Boundary scan 


Boundary scan 


Test 


lUUUUlUU 


DVDACCt 


Bypass scan 


Bypass 


Normal 


00000101 


BYPASS* 


Bypass scan 


Bypass 


Normal 


00000110 


HIGHZ 


Control boundary to high impedance 


Bypass 


Modified test 


10000111 


CLAMP 


Control boundary to 1/0 


Bypass 


Test 


10001000 


BYPASS* 


Bypass scan 


Bypass 


Normal 


00001001 


RUNT 


Boundary run test 


Bypass 


Test 


00001010 


READBN 


Boundary read 


Boundary scan 


Normal 


10001011 


READBT 


Boundary read 


Boundary scan 


Test 


00001100 


CELLTST 


Boundary self test 


Boundary scan 


Normal 


10001101 


TOPHIP 


Boundary toggle outputs 


Bypass 


Test 


10001110 


SCANCN 


Boundary-control register scan 


Boundary control 


Normal 


00001111 


SCANCT 


Boundary-control register scan 


Boundary control 


Test 


All others 


BYPASS 


Bypass scan 


Bypass 


Normal 



t Bit 7 is used to maintain even parity in the 8-bit instruction. 

t The BYPASS instruction is executed in lieu of a SCOPE ™ instruction that is not supported in the 'ABT8646. 



boundary scan 

This instruction conforms to the IEEE Standard 1149.1-1990 EXTEST and INTEST instructions. The BSR is 
selected in the scan path. Data appearing at the device input pins is captured in the input BSCs, while data 
appearing at the outputs of the normal on-chip logic is captured in the output BSCs. Data that has been scanned 
into the input BSCs is applied to the inputs of the normal on-chip logic, while data that has been scanned into 
the output BSCs is applied to the device output pins. The device operates in the test mode. 

bypass scan 

This instruction conforms to the IEEE Standard 1149.1-1990 BYPASS instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. The device 
operates in the normal mode. 

sample boundary 

This instruction conforms to the IEEE Standard 1149.1-1990 SAMPLE/PRELOAD instruction. The BSR is 
selected in the scan path. Data appearing at the device input pins is captured in the input BSCs, while data 
appearing at the outputs of the normal on-chip logic is captured in the output BSCs. The device operates in the 
normal mode. 
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control boundary to high impedance 

This instruction conforms to the IEEE Standard 11 49.1 a-1 993 HIGHZ instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. The device 
operates in a modified test mode in which all device I/O pins are placed in the high-impedance state, the device 
input pins remain operational, and the normal on-chip logic function is performed. 

control boundary to 1/0 

This instruction conforms to the IEEE Standard 1149.1a-1993 CLAMP instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. Data in the input 
BSCs is applied to the inputs of the normal on-chip logic, while data in the output BSCs is applied to the device 
output pins. The device operates in the test mode. 

boundary run test 

The bypass register is selected in the scan path. A logic 0 value is captured in the bypass register during 
Capture-DR. The device operates in the test mode. The test operation specified in the BCR is executed during 
Run-Test/Idle. The five test operations decoded by the BCR are: sample inputs/toggle outputs (TOPSIP), 
PRPG, PSA, simultaneous PSA and PRPG (PSA/PRPG), and simultaneous PSA and binary count up 
(PSA/COUNT). 

boundary read 

The BSR is selected in the scan path. The value in the BSR remains unchanged during Capture-DR. This 
instruction is useful for inspecting data after a PSA operation. 

boundary self test 

The BSR is selected in the scan path. All BSCs capture the inverse of their current values during Capture-DR. 
In this way, the contents of the shadow latches can be read out to verify the integrity of both shift-register and 
shadow-latch elements of the BSR. The device operates in the normal mode. 

boundary toggle outputs 

The bypass register is selected in the scan path. A logic 0 value is captured in the bypass register during 
Capture-DR. Data in the shift-register elements of the selected output BSCs is toggled on each rising edge of 
TCK in Run-Test/Idle, updated in the shadow latches, and applied to the associated device output pins on each 
falling edge of TCK in Run-Test/Idle. Data in the selected input BSCs remains constant and is applied to the 
inputs of the normal on-chip logic. Data appearing at the device input pins is not captured in the input BSCs. 
The device operates in the test mode. 

boundary-control-register scan 

The BCR is selected in the scan path. The value in the BCR remains unchanged during Capture-DR. This 
operation must be performed before a boundary-run test operation to specify which test operation is to 
be executed. 
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boundary-control-register opcode description 

The BCR opcodes are decoded from BCR bits 2-0 as shown in Table 4. The selected test operation is performed 
while the RUNT instruction is executed in the Run-Test/ldle state. The following descriptions detail the operation 
of each BCR instruction and illustrate the associated PSA and PRPG algorithms. 



Table 4. Boundary-Control Register Opcodes 



BINARY CODE 
BIT 2 -> BIT 0 
MSB -> LSB 


DESCRIPTION 


XOO 


Sample inputs/toggle outputs (TOPSIP) 


X01 


Pseudo-random pattern generation/1 6-bit mode (PRPG) 


X10 


Parallel-signature analysis/1 6-bit mode (PSA) 


011 


Simultaneous PSA and PRPG/8-bit mode (PSA/PRPG) 


111 


Simultaneous PSA and binary count up/8-bit mode (PSA/COUNT) 



In general, while the control input BSCs (bits 39-32) are not included in the sample, toggle, PSA, PRPG, or 
COUNT algorithms, the output-enable BSCs (bits 39-38 of the BSR) do control the drive state (active or high 
impedance) of the selected device output pins. These BCR instructions are valid only when the device is 
operating in one direction of data flow (that is, OEA * OEB). Otherwise, the bypass instruction is operated. 

PSA input masking 

Bits 1 0-3 of the BCR specify device input pins to be masked from PSA operations. Bit 1 0 selects masking for 
device input pin A8 during A-to-B data flow or for device input pin B8 during B-to-A data flow. Bit 3 selects 
masking for device input pins A1 or B1 during A-to-B or B-to-A data flow, respectively. Bits intermediate to 1 0 
and 3 mask corresponding device input pins, in order, from most significant to least significant, as indicated in 
Table 3. When the mask bit that corresponds to a particular device input has a logic 1 value, the device input 
pin is masked from any PSA operation, i.e., the state of the device input pin is ignored and has no effect on the 
generated signature. Otherwise, when a mask bit has a logic 0 value, the corresponding device input is not 
masked from the PSA operation. 

sample Inputs/toggle outputs (TOPSIP) 

Data appearing at the selected device input pins is captured in the shift-register elements of the selected BSCs 
on each rising edge of TCK. This data is updated in the shadow latches of the selected input BSCs and applied 
to the inputs of the normal on-chip logic. Data in the shift-register elements of the selected output BSCs is 
toggled on each rising edge of TCK, updated in the shadow latches, and applied to the associated device output 
pins on each falling edge of TCK. 
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pseudo-random pattern generation (PRPG) 

A pseudo-random pattern is generated in the shift-register elements of the selected BSCs on each rising edge 
of TCK, updated in the shadow latches, and applied to the associated device output pins on each falling edge 
of TCK. This data also is updated in the shadow latches of the selected input BSCs and applied to the inputs 
of the normal on-chip logic. Figures 5 and 6 show the 16-bit linear-feedback shift-register algorithms through 
which the patterns are generated. An initial seed value should be scanned into the BSR before performing this 
operation. A seed value of all zeroes does not produce additional patterns. 
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Figure 5. 16-Bit PRPG Configuration (OEA = 0, OEB = 1) 
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Figure 6. 16-Bit PRPG Configuration (OEA=1, OEB= 0) 
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parallel-signature analysis (PSA) 

Data appearing at the selected device input pins is compressed into a 16-bit parallel signature in the 
shift-register elements of the selected BSCs on each rising edge of TCK. This data is updated in the shadow 
latches of the selected input BSCs and applied to the inputs of the normal on-chip logic. Data in the shadow 
latches of the selected output BSCs remains constant and is applied to the device outputs. Figures 7 and 8 show 
the 16-bit linear-feedback shift-register algorithms through which the signature is generated. An initial seed 
value should be scanned into the BSR before performing this operation. 
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Figure 7. 16-Bit PSA Configuration (OEA = 0, OEB = 1) 
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Figure 8. 16-Bit PSA Configuration (OEA = 1, OEB = 0) 
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simultaneous PSA and PRPG (PSA/PRPG) 

Data appearing at the selected device input pins is compressed into an 8-bit parallel signature in the 
shift-register elements of the selected input BSCs on each rising edge of TCK. This data is updated in the 
shadow latches of the selected input BSCs and applied to the inputs of the normal on-chip logic. At the same 
time, an 8-bit pseudo-random pattern is generated in the shift-register elements of the selected output BSCs 
on each rising edge of TCK, updated in the shadow latches, and applied to the associated device output pins 
on each falling edge of TCK. Figures 9 and 1 0 show the 8-bit linear-feedback shift-register algorithms through 
which the signature and patterns are generated. An initial seed value should be scanned into the BSR before 
performing this operation. A seed value of all zeroes does not produce additional patterns. 
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Figure 9. 8-Bit PSA/PRPG Configuration (OEA = 0, OEB = 1) 
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Figure 10. 8-Bit PSA/PRPG Configuration (OEA = 1, OEB = 0) 
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simultaneous PSA and binary count up (PSA/COUNT) 

Data appearing at the selected device input pins is compressed into an 8-bit parallel signature in the 
shift-register elements of the selected input BSCs on each rising edge of TCK. This data is updated in the 
shadow latches of the selected input BSCs and applied to the inputs of the normal on-chip logic. At the same 
time, an 8-bit binary count-up pattern is generated in the shift-register elements of the selected output BSCs 
on each rising edge of TCK, updated in the shadow latches, and applied to the associated device output pins 
on each falling edge of TCK. In addition, the shift-register elements of the opposite output BSCs count carries 
out of the selected output BSCs extending the count to 1 6 bits. Figures 1 1 and 1 2 show the 8-bit linear-feedback 
shift-register algorithms through which the signature is generated. An initial seed value should be scanned into 
the BSR before performing this operation. 
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Figure 11. 8-Bit PSA/COUNT Configuration (OEA = 0, OEB = 1) 
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Figure 12. 8-Bit PSA/COUNT Configuration (OEA = 1, OEB = 0) 
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timing description 

All test operations of the 'ABT8646 are synchronous to TCK. Data on the TDI, TMS, and normal-function inputs 
is captured on the rising edge of TCK. Data appears on the TDO and normal-function output pins on the falling 
edge of TCK. The TAP controller is advanced through its states (as shown in Figure 2) by changing the value 
of TMS on the falling edge of TCK and then applying a rising edge to TCK. 

A simple timing example is shown in Figure 13. In this example, the TAP controller begins in the 
Test-Logic-Reset state and is advanced through its states as necessary to perform one instruction-register scan 
and one data-register scan. While in the Shift-IR and Shift-DR states, TDI is used to input serial data, and TDO 
is used to output serial data. The TAP controller is then returned to the Test-Logic-Reset state. Table 5 details 
the operation of the test circuitry during each TCK cycle. 



Table 5. Explanation of Timing Example 



TCK 
CYCLE(S) 


TAP STATE 
AFTER TCK 


DESCRIPTION 


1 


Test-Logic-Reset 


TMS is changed to a logic 0 value on the falling edge of TCK to begin advancing the TAP controller toward 
the desired state. 


2 


Run-Test/ldle 




3 


Select-DR-Scan 




4 


Select-IR-Scan 




5 


Capture-IR 


The IR captures the 8-bit binary value 10000001 on the rising edge of TCK as the TAP controller exits the 
Capture-IR state. 


6 


Shift-IR 


TDO becomes active and TDI is made valid on the falling edge of TCK. The first bit is shifted into the TAP 
on the rising edge of TCK as the TAP controller advances to the next state. 


7-13 


Shift-IR 


One bit is shifted into the IR on each TCK rising edge. With TDI held at a logic 1 value, the 8-bit binary value 
1 1 1 1 1 1 1 1 is serially scanned into the IR. At the same time, the 8-bit binary value 1 0000001 is serially scanned 
out of the IR via TDO. In TCK cycle 13, TMS is changed to a logic 1 value to end the IR scan on the next 
TCK cycle. The last bit of the instruction is shifted as the TAP controller advances from Shift-IR to Exit1-IR. 


14 


Exit1-IR 


TDO becomes inactive (goes to the high-impedance state) on the falling edge of TCK. 


15 


Update-IR 


The IR is updated with the new instruction (BYPASS) on the falling edge of TCK. 


16 


Select-DR-Scan 




17 


Capture-DR 


The bypass register captures a logic 0 value on the rising edge of TCK as the TAP controller exits the 
Capture-DR state. 


18 


Shift-DR 


TDO becomes active and TDI is made valid on the falling edge of TCK. The first bit is shifted into the TAP 
on the rising edge of TCK as the TAP controller advances to the next state. 


19-20 


Shift-DR 


The binary value 101 is shifted in via TDI, while the binary value 010 is shifted out via TDO. 


21 


Exit1-DR 


TDO becomes inactive (goes to the high-impedance state) on the falling edge of TCK. 


22 


Update-DR 


In general, the selected data register is updated with the new data on the falling edge of TCK. 


23 


Select-DR-Scan 




24 


Select-IR-Scan 




25 


Test-Logic-Reset 


Test operation completed 
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Figure 13. Timing Example 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, Vqc -0-5 V to 7 V 

Input voltage range, V| (except I/O ports) (see Note 1 ) -0.5 V to 7 V 

Input voltage range, V| (I/O ports) (see Note 1 ) -0.5 V to 5.5 V 

Voltage range applied to any output in the high state or power-off state, Vq -0.5 V to 5.5 V 

Current into any output in the low state, lo: SN54ABT8646 96 mA 

SN74ABT8646 128mA 

Input clamp current, l||< (V| < 0) -1 8 mA 

Output clamp current, Iok ( v 0 < °) ~ 50 mA 

Maximum power dissipation at T/\ = 55°C (in still air) (see Note 2): DL package 0.7 W 

DW package 1 .7 W 

Storage temperature range, T s t g -65°C to 1 50°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 
NOTES: 1 . The input and output negative-voltage ratings can be exceeded if the input and output clamp-current ratings are observed. 

2. The maximum package power dissipation is calculated using a junction temperature of 1 50°C and a board trace length of 750 mils. 
For more information, referto the Package Thermal Considerations application note in the ABT Advanced BiCMOS Technology Data 
Book, literature number SCBD002. 
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recommended operating conditions (see Note 3) 







SN54ABT8646 


SN74ABT8646 


UNIT 






MIN 


MAX 


MIN 


MAX 


vcc 


Supply voltage 


4.5 


5.5 


4.5 


5.5 


V 


V|H 


High-level Input voltage 


2 


2 


V 


V|L 


Low-level input voltage 


0.8 


0.8 


V 


V| 


Input voltage 


0 


vcc 


0 


vcc 


V 


'OH 


High-level output current 


-24 


-32 


mA 


lOL 


Low-level output current 


48 


64 


mA 


At/Av 


Input transition rise or tall rate 


10 


10 


ns/V 


T A 


Operating free-air temperature 


-55 


125 


-40 


85 


°C 



NOTE 3: Unused pins (input or I/O) must be held high or low to prevent them from floating. 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


Ta = 25°C 


SN54ABT8646 


SN74ABT8646 


UNIT 


MIKI TVD"t" MAY 


MIM MAY 


MIM MAY 


V|K 


V C C = 4.5V, l|=-18mA 


—1 .£. 


— 1 .d 


— I 


\/ 
V 


VOH 


Vcc = 4.5 V, Ioh = -3 mA 






O K 


V 


Vcc - 5 v . 'OH = -3 mA 


O 


O 


o 
o 


V CC . 4.5 V 


Iqh = -24 mA 


o 


o 
c. 




lOH = -32 mA 


0* 




o 


vol 


V C C = 4-5V 


lOL = 48 mA 


n 

\J.OO 


u.oo 




V 


IqL = 64 mA 


0 55* 




0 55 


ii 


CLK, DIR, 
OE, S, TCK 


Vcc = 5 - 5 v > v l = V CC ° r GND 


±1 


' ±1 


±1 


uA 


A or B ports 


±100 


±100 


±100 


llH 


TDI.TMS 


V C C = 5.5 V, V| = V C C 


10 


10 


10 


HA 


IlL 


TDI, TMS 


Vcc = 5-5 V, V| = GND 


-40 -160 


-40 -160 


-40 -160 


HA 


'OZH* 


Vcc = 5.5 V, V 0 = 2.7V 


50 


50 


50 


uA 


lOZL* 


Vcc = 5-5 V, Vo = 0.5 V 


-50 


-50 


-50 


HA 


'off 


Vcc = 0. V|orVQ<4.5V 


±100 




±100 


(iA 


'OZPU 


Vcc = 0to2V, Vo = 0.5Vor2.7V 


±50 


±50 


±50 


uA 


'OZPD 


Vcc = 2Vto0, Vo = 0.5Vor2.7V 


±50 


±50 


±50 


LlA 


ICEX 


Outputs high 


Vcc = 5.5 V, Vo = 5.5 V 


50 


50 


50 


MA 


l 0 § 


V C C = 5 - 5 v - v O = 2.5 V 


-50 -100 -180 


-50 -180 


-50 -180 


mA 


ice 


A or B ports 


V C C = 5.5 V, 

io-o. 

V| = Vcc or GND 


Outputs high 


0.9 2 


2 


2 


mA 


Outputs low 


30 38 


38 


38 


Outputs disabled 


0.9 2 


2 


2 


Alec 11 


Vcc = 5-5 V, One input at 3.4 V, 
Other inputs at Vcc or GND 


1.5 


1.5 


1.5 


mA 


Cj 


Control inputs 


V| = 2.5 V or 0.5 V 


3 






PF 


Cjo 


A or B ports 


Vq = 2.5 V or 0.5 V 


10 






PF 


Co 


TDO 


Vq = 2.5 V or 0.5 V 


8 






PF 



* On products compliant to MIL-PRF-38535, this parameter does not apply, 
t All typical values are at Vcc = 5 V. 

X The parameters loZH and 'OZL include the input leakage current. 

§ Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 
H This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (normal mode) (see Figure 14) 









SN54ABT8646 


SN74ABT8646 


UNIT 








MIN 


MAX 


MIN 


MAX 


fclock 


Clock frequency 


CLKAB or CLKBA 


0 


100 


0 


100 


MHz 


tw 


Pulse duration 


CLKAB or CLKBA high or low 


3 


3 


ns 


tsu 


Setup time 


A before CLKAB? or B before CLKBA? 


4.7 


4.5 


ns 


th 


Hold time 


A after CLKAB? or B after CLKBA? 


0 


0 


ns 


timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (test mode) (see Figure 14) 








SN54ABT8646 


SN74ABT8646 


UNIT 








MIN 


MAX 


MIN 


MAX 


'clock 


Clock frequency 


TCK 


0 


50 


0 


50 


MHz 


t w 


Pulse duration 


TCK high or low 


5 


5 


ns 






A, B, CLK, DIR, OE, or S before TCK? 


7 


5 




tsu 


Setup time 


TDI before TCK? 


6 


6 


ns 






TMS before TCK? 


6 


6 








A, B, CLK, DIR, OE, or S after TCK? 


0 


0 




th 


Hold time 


TDI after TCK? 


0 


0 


ns 






TMS after TCK? 


0 


0 




td 


Delay time 


Power up to TCK? 


50* 


50 


ns 


tr 


Rise time 


Vcc power up 


1* 


1 





* On products compliant to MIL-PRF-38535, this parameter is not production tested. 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (normal mode) (see Figure 14) 









SN54ABT8646 




PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


VCC = 5V, 
Ta = 25°C 


MIN 


MAX 


UNIT 








MIN 


TYP 


MAX 








'max 


CLKAB or CLKBA 




100 


130 




100 


MHz 


l PLH 


AorB 


B or A 


2 


3.7 


4.5 


2 


5.5 


ns 


tpHL 


2 


3.5 


4.6 


2 


5.8 


tPLH 


CLKAB or CLKBA 


Bor A 


3 


4.4 


5.3 


3 


6.3 


ns 


tPHL 


2.5 


4.3 


5.2 


2.5 


6.7 


tPLH 


SAB or SBA 


B or A 


2 


4.8 


6 


2 


7.5 


ns 


tPHL 


2 


4.7 


5.9 


2 


7.8 


IPZH 


DIR 


B or A 


2.5 


4.4 


5.4 


2.5 


6.6 


ns 


IPZL 


3 


4.8 


6.2 


3 


8.1 


IPZH 


OE 


Bor A 


2.5 


4.4 


5.4 


2.5 


6.7 


ns 


tPZL 


3 


5.2 


6.2 


3 


7.6 


tPHZ 


DIR 


Bor A 


3 


6 


7.9 


3 


8.9 


ns 


tPLZ 


3 


5.2 


6.6 


3 


8.1 


tPHZ 


OE 


Bor A 


2 


5.9 


7.7 


2.8 


8.6 


ns 


tPLZ 


3 


5.2 


6.2 


3 


8.3 



switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (normal mode) (see Figure 14) 









SN74ABT8646 




PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


Vcc = 5V, 
T A = 25°C 


MIN 


MAX 


UNIT 








MIN 


TYP 


MAX 








'max 


CLKAB or CLKBA 




100 


130 




100 


MHz 


tPLH 


AorB 


Bor A 


2 


3.7 


4.5 


2 


5.2 


ns 


tPHL 


2 


3.5 


4.4 


2 


5.5 


tPLH 


CLKAB or CLKBA 


Bor A 


3 


4.4 


5.3 


3 


6 


ns 


tPHL 


2.5 


4.3 


5.2 


2.5 


6.2 


tPLH 


SAB or SBA 


Bor A 


2 


4.8 


6 


2 


7.3 


ns 


tPHL 


2 


4.7 


5.9 


2 


7.4 


IPZH 


DIR 


Bor A 


2.5 


4.4 


5.3 


2.5 


6.5 


ns 


tpZL 


3 


4.8 


6.2 


3 


7.1 


IPZH 


OE 


B or A 


2.5 


4.4 


5.4 


2.5 


6.5 


ns 


tPZL 


3 


5.2 


6.2 


3 


7.5 


l PHZ 


DIR 


Bor A 


3 


6 


7 


3 


8.6 


ns 


tPLZ 


3 


5.2 


6.2 


3 


7.9 


tPHZ 


OE 


Bor A 


3 


5.S 


6.9 


3 


7.9 


ns 


tPLZ 


3 


5.2 


6.2 


3 


7.4 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (test mode) (see Figure 14) 









SN54ABT8646 




PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V C C = 5 V, 
Ta = 25°C 


MIN 


MAX 


UNIT 








MIN 


TYP 


MAX 








'max 


TCK 




50 


90 




50 


MHz 


tPLH 


TCKi 


AorB 


3.5 


8 


9.5 


3.5 


13.4 


ns 


tPHL 


3 


7.7 


10 


3 


12 


TLM 


TCKi 


TDO 


2.5 


4.3 


5.5 


2.5 


7 


ns 


tPHL 


2.5 


4.2 


5.5 


2.5 


7 


tPZH 


TCKi 


AorB 


4.5 


8.2 


9.7 


4.5 


12.5 


ns 


tpZL 


4.5 


9 


11.2 


4.5 


13.5 


IPZH 


TCKi 


TDO 


2.5 


4.3 


5.5 


2.5 


7 


ns 


IPZL 


2.5 


4.9 


6 


2.5 


7.5 


tPHZ 


TCKi 


AorB 


3.5 


8.4 


13 


3.5 


14.5 


ns 


tPLZ 


3 


8 


10.5 


3 


13.5 


tPHZ 


TCKi 


TDO 


3 


5.9 


7 


3 


9 


ns 


tPLZ 


3 


5 


6.5 


3 


8 



switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (test mode) (see Figure 14) 
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PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


VCC = 5V, 
T A = 25°C 


MIN 


MAX 


UNIT 








MIN 


TYP 


MAX 








'max 


TCK 




50 


90 




50 


MHz 


tPLH 


TCKI 


AorB 


3.5 


8 


9.5 


3.5 


12 


ns 


tPHL 


3 


7.7 


9 


3 


11.5 


tPLH 


TCKi 


TDO 


2.5 


4.3 


5.5 


2.5 


6.5 


ns 


tPHL 


2.5 


4.2 


5.5 


2.5 


6.5 


tPZH 


TCKi 


AorB 


4.5 


8.2 


9.5 


4.5 


12 


ns 


IPZL 


4.5 


9 


10.5 


4.5 


13 


IPZH 


TCKi 


TDO 


2.5 


4.3 


5.5 


2.5 


6.5 


ns 


IPZL 


2.5 


4.9 


6 


2.5 


7 


tPHZ 


TCKi 


AorB 


3.5 


8.4 


10.5 


3.5 


13.5 


ns 


tPLZ 


3 


8 


10.5 


3 


13 


*PHZ 


TCKi 


TDO 


3 


5.9 


7 


3 


8.5 


ns 


tPLZ 


3 


5 


6.5 


3 


7.5 
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From Output 
Under Test ' 



Cl = 50 pF 
(see Note A) 



PARAMETER MEASUREMENT INFORMATION 

_ 7V 



500 £2 

-AAAr- 



500 n 



O Open 
9 GND 



TEST 


S1 


tPLH'tPHL 
tPLZ'tPZL 
tPHZ'tpZH 


Open 
7V 
Open 



LOAD CIRCUIT 



Input 



t w 



— v y — 

15V A A 15V 



VOLTAGE WAVEFORMS 
PULSE DURATION 



3V 



0V 



Timing Input 



Data Input 



X 5v 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



3V 
0V 



3V 
0V 



Input 



Output 



Output 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output 
Control 



Output 
Waveform 1 
S1 at7V 
(see Note B) 

Output 
Waveform 2 
S1 at Open 
(see Note B) 



tpZL 



tPLZ 
1.5 V 



tPZH -*| |*~ 



| tpHZ -n k- 



/ v 0L » o.3V 



3V 

ov 

3.5 V 

vol 



1.5 V 



VOH-0.3V V ° H 
— «0V 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. Cl includes probe and jig capacitance. 

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

C. All input pulses are supplied by generators having the following characteristics: PRR < 10 MHz, Zq = 50 £2, t r < 2.5 ns, tf £ 2.5 ns. 

D. The outputs are measured one at a time with one transition per measurement. 



Figure 14. Load Circuit and Voltage Waveforms 
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Members of the Texas Instruments 
SCOPE™ Family of Testability Products 

Compatible With the IEEE Standard 
1149.1-1990 (JTAG) Test Access Port and 
Boundary-Scan Architecture 

Functionally Equivalent to 'F652 and 
'ABT652 in the Normal-Function Mode 

SCOPE™ Instruction Set 

- IEEE Standard 1149.1-1990 Required 
Instructions, Optional INTEST, CLAMP, 
and HIGHZ 

- Parallel-Signature Analysis at Inputs 
With Masking Option 

- Pseudo-Random Pattern Generation 
From Outputs 

- Sample Inputs/Toggle Outputs 

- Binary Count From Outputs 

- Even-Parity Opcodes 

Two Boundary-Scan Cells Per I/O for 
Greater Flexibility 

State-of-the-Art EPIC-IIB™ BiCMOS Design 
Significantly Reduces Power Dissipation 

Package Options Include Shrink 
Small-Outline (DL) and Plastic 
Small-Outline (DW) Packages, Ceramic 
Chip Carriers (FK), and Standard Ceramic 
DIPs (JT) 



SN54ABT8652 . . . JT PACKAGE 
SN74ABT8652 . . . DL OR DW PACKAGE 
(TOP VIEW) 



CLKAB[ 


Q 




] CLKBA 


1 


28 


sab[ 


2 


27 


]SBA 


oeab[ 


3 


26 


] OEBA 


A1[ 


A 
*♦ 


25 


]B1 


A2[ 


5 


24 


]B2 


A3[ 


6 


23 


]B3 


GND[ 




22 


]B4 


A4[ 


8 


21 


]v C c 


A5[ 


9 


20 


]B5 


A6[ 


10 


19 


]B6 


A7[ 


11 


18 


]B7 


A8[ 


12 


17 


]B8 


TDO[ 


13 


16 


]tdi 


TMS[ 


14 


15 


]tck 



SN54ABT8652 . . . FK PACKAGE 
(TOP VIEW) 

O 

t" cm co 5 O m co 
CO cq co CO > CD QQ 



description 



4 3 2 



28 27 26 



OEBA ] 5 
SBA ] 6 
CLKBA ] 7 
CLKAB ] 8 
SAB ]9 
OEAB ] 10 
A1 ] 11 

12 13 14 15 16 17 18 
i— ii—ii — nr— ii — ii — ii — i 



20[ 
19[ 



B7 
B8 
TDI 



25[ 
24[ 
23[ 
22[ TCK 
21QTMS 
TDO 
A8 



2 



Q 3 2 £ !> 
2 < < < < 



The 'ABT8652 scan test devices with octal bus 
transceivers and registers are members of the 
Texas Instruments SCOPE™ testability 
integrated-circuit family. This family of devices 
supports IEEE Standard 1149.1-1990 boundary 
scan to facilitate testing of complex circuit-board 
assemblies. Scan access to the test circuitry is 
accomplished via the 4-wire test access port 
(TAP) interface. 

In the normal mode, these devices are functionally equivalent to the 'F652 and 'ABT652 octal bus transceivers 
and registers. The test circuitry can be activated by the TAP to take snapshot samples of the data appearing 
at the device pins or to perform a self test on the boundary-test cells. Activating the TAP in normal mode does 
not affect the functional operation of the SCOPE™ octal bus transceivers and registers. 



SCOPE and EPIC-IIB are trademarks of Texas Instruments Incorporated. 



PRODUCTION DATA Information Is currant as of publication data. 
Products conform to specifications par tha farms of Taos Instrumants 
standard warranty. Production processing dots not necessarily Include 
testing of all parameters. 
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description (continued) 

Data flow in each direct ion is controlled by clock (CLKAB and CLKBA), select (SAB and SBA), and 
output-enable (OEAB and OEBA) inputs. For A-to-B data flow, data on the A bus is clocked into the associated 
registers on the low-to-high transition of CLKAB. When SAB is low, real-time A data is selected for presentation 
to the B bus (transparent mode). When SAB is high, stored A data is selected for presentation to the B bus 
(registered mode). When OEAB is high, the B outputs are active. When OEAB is low, the B outputs are in the 
high -imped ance state. Contr ol for B -to-A data flow is similar to that for A-to-B data flo w but us es CLKBA, SBA, 
and OEBA inputs. Since the O EBA inp ut is active low, the A outputs are active when OEBA is low and are in 
the high-impedance state when OEBA is high. Figure 1 shows the four fundamental bus-management functions 
that can be performed with the 'ABT8652. 

In the test mode, the normal operation of the SCOPE™ bus transceivers and registers is inhibited and the test 
circuitry is enabled to observe and control the I/O boundary of the device. When enabled, the test circuitry 
performs boundary-scan test operations as described in IEEE Standard 1149.1-1990. 

Four dedicated test pins control the operation of the test circuitry: test data input (TDI), test data output (TDO), 
test mode select (TMS), and test clock (TCK). Additionally, the test circuitry performs other testing functions 
such as parallel-signature analysis (PSA) on data inputs and pseudo-random pattern generation (PRPG) from 
data outputs. All testing and scan operations are synchronized to the TAP interface. 

The SN54ABT8652 is characterized for operation over the full military temperature range of -55°C to 125°C. 
The SN74ABT8652 is characterized for operation from -40°C to 85°C. 



FUNCTION TABLE 



INPUTS 


DATA I/O 


OPERATION OR FUNCTION 


OEAB 


OEBA 


CLKAB 


CLKBA 


SAB 


SBA 


A1-A8 


B1-B8 


L 


H 


X 


X 


X 


X 


Input disabled 


Input disabled 


Isolation 


L 


H 


T 


T 


X 


X 


Input 


Input 


Store A and B data 


X 


H 


T 


L 


X 


X 


Input 


Unspecifiedt 


Store A, hold B 


H 


H 


T 


T 


X* 


X 


Input 


Output 


Store A in both registers 


L 


X 


L 


T 


X 


X 


Unspecifiedt 


Input 


Hold A, store B 


L 


L 


T 


T 


X 


X* 


Output 


Input 


Store B in both registers 


L 


L 


X 


X 


X 


L 


Output 


Input 


Real-time B data to A bus 


L 


L 


X 


X 


X 


H 


Output 


Input 


Stored B data to A bus 


H 


H 


X 


X 


L 


X 


Input 


Output 


Real-time A data to B bus 


H 


H 


X 


X 


H 


X 


Input 


Output 


Stored A data to B bus 


H 


L 


L 


L 


H 


H 


Output 


Output 


Stored A data to B bus and 
stored B data to A bus 



t The data-output functions can be enabled or disabled by a variety of level combinations at OEAB or OEBA. Data-input functions are always 

enabled; i.e., data at the bus terminals is stored on every low-to-high transition of the clock inputs. 
* Select control = L: clocks can occur simultaneously. 

Select control = H: clocks must be staggered in order to load both registers. 
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3 26 1 28 2 27 

OEAB OEBA CLKAB CLKBA SAB SBA 
L L X X X L 

REAL-TIME TRANSFER 
BUS B TO BUS A 





3 26 1 28 2 27 

OEAB OEBA CLKAB CLKBA SAB SBA 
H H X X L X 

REAL-TIME TRANSFER 
BUS A TO BUSB 




26 



1 



28 



OEAB OEBA CLKAB CLKBA SAB 



27 
SBA 
X 
X 
X 



X H T X X 

L X X T X 
L H t T X 
STORAGE FROM 
A, B, OR A AND B 

Pin numbers shown are for the DL, DW, and JT packages. 



3 26 1 28 2 27 

OEAB OEBA CLKAB CLKBA SAB SBA 
H L X X H H 



TRANSFER STORED DATA 
TO A AND/ORB 



Figure 1. Bus-Management Functions 
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functional block diagram 



OEAB 
OEBA 
CLKBA 
SBA 
CLKAB 
SAB 



26 



28 



27 



A1 



Boundary-Scan Register 



vcc« 

16* 



TDI 



> C1 
1D 





One of Eight Channels 



< 



C1 



1D 



Bypass Register 



Boundary-Control 
Register 



->1 



25 



B1 



i 



vcc : 

1 4 1 

•e m 1 



Instruction Register 



13 



TDO 



TCK 



15 



TAP 
Controller 



Pin numbers shown are for the DL, DW, and JT packages. 
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Terminal Functions 


TERMINAL 
NAME 


DESCRIPTION 


A1-A8 


Normal-function A-bus I/O ports. See function table for normal-mode logic. 


B1-B8 


Normal-function B-bus I/O ports. See function table for normal-mode logic. 


CLKAB, CLKBA 


Normal-function clock inputs. See function table for normal-mode logic. 


GND 


Ground 


OEAB, OEBA 


Normal-function output-enable inputs. See function table for normal-mode logic. 


SAB, SBA 


Normal-function select inputs. See function table for normal-mode logic. 


TCK 


Test clock. One of four terminals required by I EEE Standard 1 1 49.1 -1 990. Test operations of the device are synchronous 
to TCK. Data is captured on the rising edge of TCK, and outputs change on the falling edge of TCK. 


TDI 


Test data input. One of four terminals required by IEEE Standard 1149.1-1990. TDI is the serial input for shifting data 
through the instruction register or selected data register. An internal pullup forces TDI to a high level if left unconnected. 


TDO 


Test data output. One of four terminals required by I EEE Standard 1 1 49. 1 -1 990. TDO is the serial output for shifting data 
through the instruction register or selected data register. 


TMS 


Test mode select. One of four terminals required by I EEE Standard 1 1 49. 1 -1 990. TMS directs the device through its TAP 
controller states. An internal pullup forces TMS to a high level if left unconnected. 


vcc 


Supply voltage 
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test architecture 

Serial-test information is conveyed by means of a 4-wire test bus or TAP, that conforms to IEEE Standard 
1149.1-1990. Test instructions, test data, and test control signals all are passed along this serial-test bus. The 
TAP controller monitors two signals from the test bus, TCK and TMS. The TAP controller extracts the 
synchronization (TCK) and state control (TMS) signals from the test bus and generates the appropriate on-chip 
control signals for the test structures in the device. Figure 2 shows the TAP-controller state diagram. 

The TAP controller is fully synchronous to the TCK signal. Input data is captured on the rising edge of TCK and 
output data changes on the falling edge of TCK. This scheme ensures data to be captured is valid for fully 
one-half of the TCK cycle. 

The functional block diagram shows the IEEE Standard 1149.1-1990 4-wire test bus and boundary-scan 
architecture and the relationship among the test bus, the TAP controller, and the test registers. As shown, the 
device contains an 8-bit instruction register and three test-data registers: a 38-bit boundary-scan register, an 
11 -bit boundary-control register, and a 1-bit bypass register. 



TMS = H 



TMS = L 




Test-Logic-Reset >4 



> 



TMS = L 



Run-Test/Idle 



>TMS = H y 



Select-DR-Scan 



> 



TMS = H 



< 



Select-IR-Scan 



TMS = L 



Capture-DR 




> 



TMS = H TMS = H 



TMS = L 



Shlft-DR 



> 



TMS = H 



Exlt1-DR 



> 




TMS = L 



Pause-DR 



> 



TMS = H 



Exit2-DR 



y 



TMS = L 



< 



y 



TMS = H 



TMS = L 



Capture-IR 



< 



TMS = L 



Shlft-IR 



TMS = H 




< 



TMS = H 



ExitMR 



< 



TMS = L 



Pause-IR 



TMS = L 



TMS = H 




Exit2-IR 



TMS = H 



Update-DR 



> 



< 



TMS = H 

r 

Update-IR \«- 



TMS = H 



TMS = L 



TMS s H 



TMS = L 



Figure 2. TAP-Controller State Diagram 
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state diagram description 

The TAP controller is a synchronous finite state machine that provides test control signals throughout the device. 
The state diagram shown in Figure 2 is in accordance with IEEE Standard 1149.1-1990. The TAP controller 
proceeds through its states based on the level of TMS at the rising edge of TCK. 

As shown, the TAP controller consists of 16 states. There are six stable states (indicated by a looping arrow in 
the state diagram) and ten unstable states. A stable state is a state the TAP controller can retain for consecutive 
TCK cycles. Any state that does not meet this criterion is an unstable state. 

There are two main paths through the state diagram: one to access and control the selected data register and 
one to access and control the instruction register. Only one register can be accessed at a time. 

Test-Logic-Reset 

The device powers up in the Test-Logic-Reset state. In the stable Test-Logic-Reset state, the test logic is reset 
and is disabled so that the normal logic function of the device is performed. The instruction register is reset to 
an opcode that selects the optional IDCODE instruction, if supported, or the BYPASS instruction. Certain data 
registers also can be reset to their power-up values. 

The state machine is constructed such that the TAP controller returns to the Test-Logic-Reset state in no more 
than five TCK cycles if TMS is left high. TMS has an internal pullup resistor that forces it high if left unconnected 
or if a board defect causes it to be open circuited. 

For the 'ABT8652, the instruction register is reset to the binary value 11111111, which selects the BYPASS 
instruction. Each bit in the boundary-scan register is reset to logic 0 except bit 36, which is reset to logic 1 . The 
boundary-control register is reset to the binary value 0000000001 0, which selects the PSA test operation with 
no input masking. 

Run-Test/Idle 

The TAP controller must pass through the Run-Test/Idle state (from Test-Logic-Reset) before executing any test 
operations. The Run-Test/ldle state also can be entered following data-register or instruction-register scans. 
Run-Test/Idle is a stable state in which the test logic can be actively running a test or can be idle. The test 
operations selected by the boundary-control register are performed while the TAP controller is in the 
Run-Test/Idle state. 

Select-DR-Scan, Select-IR-Scan 

No specific function is performed in the Select-DR-Scan and Select-IR-Scan states, and the TAP controller exits 
either of these states on the next TCK cycle. These states allow the selection of either data-register scan or 
instruction-register scan. 

Capture-DR 

When a data-register scan is selected, the TAP controller must pass through the Capture-DR state. In the 
Capture-DR state, the selected data register can capture a data value as specified by the current instruction. 
Such capture operations occur on the rising edge of TCK, upon which the TAP controller exits the 
Capture-DR state. 

Shift-DR 

Upon entry to the Shift-DR state, the data register is placed in the scan path between TDI and TDO and, on the 
first falling edge of TCK, TDO goes from the high-impedance state to an active state. TDO enables to the logic 
level present in the least-significant bit of the selected data register. 

While in the stable Shift-DR state, data is serially shifted through the selected data register on each TCK cycle. 
The first shift occurs on the first rising edge of TCK after entry to the Shift-DR state (i.e., no shifting occurs during 
the TCK cycle in which the TAP controller changes from Capture-DR to Shift-DR or from Exit2-DR to Shift-DR). 
The last shift occurs on the rising edge of TCK, upon which the TAP controller exits the Shift-DR state. 
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Exitl-DR, Exlt2-DR 

The Exit1-DR and Exit2-DR states are temporary states that end a data-register scan. It is possible to return 
to the Shift-DR state from either Exit1-DR or Exit2-DR without recapturing the data register. On the first falling 
edge of TCK after entry to Exit1-DR, TDO goes from the active state to the high-impedance state. 

Pause-DR 

No specific function is performed in the stable Pause-DR state, in which the TAP controller can remain 
indefinitely. The Pause-DR state suspends and resumes data-register scan operations without loss of data. 

Update-DR 

If the current instruction calls for the selected data register to be updated with current data, then such update 
occurs on the falling edge of TCK, following entry to the Update-DR state. 

Capture-IR 

When an instruction-register scan is selected, the TAP controller must pass through the Capture-IR state. In 
the Capture-IR state, the instruction register captures its current status value. This capture operation occurs 
on the rising edge of TCK, upon which the TAP controller exits the Capture-IR state. For the 'ABT8652, the status 
value loaded in the Capture-IR state is the fixed binary value 10000001 . 

Shift-IR 

Upon entry to the Shift-IR state, the instruction register is placed in the scan path between TDI and TDO and, 
on the first falling edge of TCK, TDO goes from the high-impedance state to an active state. TDO enables to 
the logic level present in the least-significant bit of the instruction register. 

While in the stable Shift-IR state, instruction data is serially shifted through the instruction register on each TCK 
cycle. The first shift occurs on the first rising edge of TCK after entry to the Shift-IR state (i.e., no shifting occurs 
during the TCK cycle in which the TAP controller changes from Capture-IR to Shift-IR or from Exit2-IR to 
Shift-IR). The last shift occurs on the rising edge of TCK, upon which the TAP controller exits the Shift-IR state. 

ExitMR, Exit2-IR 

The Exitl -I R and Exit2-IR states are temporary states that end an instruction register scan. It is possible to return 
to the Shift-IR state from either Exitl -IR or Exit2-IR without recapturing the instruction register. On the first falling 
edge of TCK after entry to Exitl -IR, TDO goes from the active state to the high-impedance state. 

Pause-IR 

No specific function is performed in the stable Pause-IR state, in which the TAP controller can remain 
indefinitely. The Pause-IR state suspends and resumes instruction register scan operations without loss of data. 

Update-IR 

The current instruction is updated and takes effect on the falling edge of TCK, following entry to the 
Update-IR state. 
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register overview 

With the exception of the bypass register, any test register can be thought of as a serial-shift register with a 
shadow latch on each bit. The bypass register differs in that it contains only a shift register. During the 
appropriate capture state (Capture-IR for instruction register, Capture-DR for data registers), the shift register 
can be parallel loaded from a source specified by the current instruction. During the appropriate shift.state 
(Shift-IR or Shift-DR), the contents of the shift register are shifted out from TDO while new contents are shifted 
in at TDI. During the appropriate update state (Update-IR or Update-DR), the shadow latches are updated from 
the shift register. 



instruction register description 

The instruction register (IR) is eight bits long and tells the device what instruction is to be executed. Information 
contained in the instruction includes the mode of operation (either normal mode, in which the device performs 
its normal logic function, or test mode, in which the normal logic function is inhibited or altered) , the test operation 
to be performed, which of the three data registers is to be selected for inclusion in the scan path during 
data-register scans, and the source of data to be captured into the selected data register during Capture-DR. 

Table 3 lists the instructions supported by the 'ABT8652. The even-parity feature specified for SCOPE™ devices 
is supported in this device. Bit 7 of the instruction opcode is the parity bit. Any instructions that are defined for 
SCOPE™ devices but are not supported by this device default to BYPASS. 

During Capture-IR, the IR captures the binary value 1 0000001 . As an instruction is shifted in, this value is shifted 
out via TDO and can be inspected as verification that the IR is in the scan path. During Update-IR, the value 
that has been shifted into the IR is loaded into shadow latches. At this time, the current instruction is updated 
and any specified mode change takes effect. At power up or in the Test-Logic-Reset state, the IR is reset to the 
binary value 11111111 , which selects the BYPASS instruction. The IR order of scan is shown in Figure 3. 
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Figure 3. Instruction Register Order of Scan 
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data register description 
boundary-scan register 

The boundary-scan register (BSR) is 38 bits long. It contains one boundary-scan cell (BSC) for each 
normal-function input and two BSCs for each normal-function I/O (one for input data and one for output data). 
The BSR is used to store test data that is to be applied internally to the inputs of the normal on-chip logic and/or 
externally to the device output terminals, and/or to capture data that appears internally at the outputs of the 
normal on-chip logic and/or externally at the device input terminals. 

The source of data to be captured into the BSR during Capture-DR is determined by the current instruction. The 
contents of the BSR can change during Run-Test/ldle as determined by the current instruction. At power up or 
in Test-Logic-Reset, the value of each BSC is reset to logic 0 except BSC 36, which is reset to logic 1 . 

The BSR order of scan is from TDI through bits 37-0 to TDO. Table 1 shows the BSR bits and their associated 
device pin signals. 



Table 1. Boundary-Scan Register Configuration 



BSR BIT 
NUMBER 


DEVICE 
SIGNAL 


BSR BIT 
NUMBER 


DEVICE 
SIGNAL 


BSR BIT 
NUMBER 


DEVICE 
SIGNAL 


BSR BIT 
NUMBER 


DEVICE 
SIGNAL 


BSR BIT 
NUMBER 


DEVICE 
SIGNAL 


37 


OEAB 


31 


A8-I 


23 


A8-0 


15 


B8-I 


7 


B8-0 


36 


OEBA 


30 


A7-I 


22 


A7-0 


14 


B7-I 


6 


B7-0 


35 


CLKAB 


29 


A6-I 


21 


A6-0 


13 


B6-I 


5 


B6-0 


34 


CLKBA 


28 


A5-I 


20 


A5-0 


12 


B5-I 


4 


B5-0 


33 


SAB 


27 


A4-I 


19 


A4-0 


11 


B4-I 


3 


B4-0 


32 


SBA 


26 


A3-I 


18 


A3-0 


10 


B3-I 


2 


B3-0 






25 


A2-I 


17 


A2-0 


9 


B2-I 


1 


B2-0 






24 


A1-I 


16 


A1-0 


8 


B1-I 


0 


B1-0 



boundary-control register 

The boundary-control register (BCR) is 11 bits long. The BCR is used in the context of the RUNT instruction to 
implement additional test operations not included in the basic SCOPE™ instruction set. Such operations include 
PRPG, PSA with input masking, and binary count up (COUNT). Table 4 shows the test operations that are 
decoded by the BCR. 

During Capture-DR, the contents of the BCR are not changed. At power up or in Test-Logic-Reset, the BCR is 
reset to the binary value 00000000010, which selects the PSA test operation with no input masking. 

The BCR order of scan is from TDI through bits 1 0-0 to TDO. Table 2 shows the BCR bits and their associated 
test control signals. 



Table 2. Boundary-Control Register Configuration 



BCR BIT 
NUMBER 


TEST 
CONTROL 
SIGNAL 


BCR BIT 
NUMBER 


TEST 
CONTROL 
SIGNAL 


BCR BIT 
NUMBER 


TEST 
CONTROL 
SIGNAL 


10 


MASK8 


6 


MASK4 


2 


OPCODE2 


9 


MASK7 


5 


MASK3 


1 


OPCODE1 


8 


MASK6 


4 


MASK2 


0 


OPCODE0 


7 


MASK5 


3 


MASK1 
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bypass register 

The bypass register is a 1-bit scan path that can be selected to shorten the length of the system scan path, 
thereby reducing the number of bits per test pattern that must be applied to complete a test operation. 

During Capture-DR, the bypass register captures a logic 0. The bypass register order of scan is shown in 
Figure 4. 





BitO 




► 


► 



Figure 4. Bypass Register Order of Scan 

instruction-register opcode description 

The instruction-register opcodes are shown in Table 3. The following descriptions detail the operation of 
each instruction. 



Table 3. Instruction-Register Opcodes 



BINARY CODEt 
BIT 7 -> BIT 0 
MSB -* LSB 


SCOPE OPCODE 


DESCRIPTION 


SELECTED DATA 
REGISTER 


MODE 


00000000 


EXTEST/INTEST 


Boundary scan 


Boundary scan 


Test 


10000001 


BYPASS* 


Bypass scan 


Bypass 


Normal 


10000010 


SAMPLE/PRELOAD 


Sample boundary 


Boundary scan 


Normal 


00000011 


INTEST/EXTEST 


Boundary scan 


Boundary scan 


Test 


10000100 


BYPASS* 


Bypass scan 


Bypass 


Normal 


00000101 


BYPASS* 


Bypass scan 


Bypass 


Normal 


00000110 


HIGHZ 


Control boundary to high impedance 


Bypass 


Modified test 


10000111 


CLAMP 


Control boundary to 1/0 


Bypass 


Test 


10001000 


BYPASS* 


Bypass scan 


Bypass 


Normal 


00001001 


RUNT 


Boundary run test 


Bypass 


Test 


00001010 


READBN 


Boundary read 


Boundary scan 


Normal 


10001011 


READBT 


Boundary read 


Boundary scan 


Test 


00001100 


CELLTST 


Boundary self test 


Boundary scan 


Normal 


10001101 


TOPHIP 


Boundary toggle outputs 


Bypass 


Test 


10001110 


SCANCN 


Boundary-control register scan 


Boundary control 


Normal 


00001111 


SCANCT 


Boundary-control register scan 


Boundary control 


Test 


All others 


BYPASS 


Bypass scan 


Bypass 


Normal 



t Bit 7 is used to maintain even parity in the 8-bit instruction. 

* The BYPASS instruction is executed in lieu of a SCOPE™ instruction that is not supported in the 'ABT8652. 



boundary scan 

This instruction conforms to the IEEE Standard 1149.1-1990 EXTEST and INTEST instructions. The BSR is 
selected in the scan path. Data appearing at the device input terminals is captured in the input BSCs, while data 
appearing at the outputs of the normal on-chip logic is captured in the output BSCs. Data that has been scanned 
into the input BSCs is applied to the inputs of the normal on-chip logic, while data that has been scanned into 
the output BSCs is applied to the device output terminals. The device operates in the test mode. 
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bypass scan 

This instruction conforms to the IEEE Standard 1149.1-1990 BYPASS instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. The device 
operates in the normal mode. 

sample boundary 

This instruction conforms to the IEEE Standard 1149.1-1990 SAMPLE/PRELOAD instruction. The BSR is 
selected in the scan path. Data appearing at the device input terminals is captured in the input BSCs, while data 
appearing at the outputs of the normal on-chip logic is captured in the output BSCs. The device operates in the 
normal mode. 

control boundary to high Impedance 

This instruction conforms to the IEEE Standard 11 49.1 a-1 993 HIGHZ instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. The device 
operates in a modified test mode in which all device I/O terminals are placed in the high-impedance state, the 
device input terminals remain operational, and the normal on-chip logic function is performed. 

control boundary to 1/0 

This instruction conforms to the IEEE Standard 11 49.1 a-1 993 CLAMP instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. Data in the input 
BSCs is applied to the inputs of the normal on-chip logic, while data in the output BSCs is applied to the device 
output terminals. The device operates in the test mode. 

boundary run test 

The bypass register is selected in the scan path. A logic 0 value is captured in the bypass register during 
Capture-DR. The device operates in the test mode. The test operation specified in the BCR is executed during 
Run-Test/Idle. The five test operations decoded by the BCR are: sample inputs/toggle outputs (TOPSIP), 
PRPG, PSA, simultaneous PSA and PRPG (PSA/PRPG), and simultaneous PSA and binary count up 
(PSA/COUNT). 

boundary read 

The BSR is selected in the scan path. The value in the BSR remains unchanged during Capture-DR. This 
instruction is useful for inspecting data after a PSA operation. 

boundary self test 

The BSR is selected in the scan path. All BSCs capture the inverse of their current values during Capture-DR. 
in this way, the contents of the shadow latches can be read out to verify the integrity of both shift-register and 
shadow-latch elements of the BSR. The device operates in the normal mode. 

boundary toggle outputs 

The bypass register is selected in the scan path. A logic 0 value is captured in the bypass register during 
Capture-DR. Data in the shift-register elements of the selected output BSCs is toggled on each rising edge of 
TCK in Run-Test/ldle, updated in the shadow latches, and applied to the associated device output terminals on 
each falling edge of TCK in Run-Test/Idle. Data in the selected input BSCs remains constant and is applied to 
the inputs of the normal on-chip logic. Data appearing at the device input terminals is not captured in the input 
BSCs. The device operates in the test mode. 

boundary-control-register scan 

The BCR is selected in the scan path. The value in the BCR remains unchanged during Capture-DR. This 
operation must be performed before a boundary-run test operation to specify which test operation is to 
be executed. 
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boundary-control-register opcode description 

The BCR opcodes are decoded from BCR bits 2-0 as shown in Table 4. The selected test operation is performed 
while the RUNT instruction is executed in the Run-Test/ldle state. The following descriptions detail the operation 
of each BCR instruction and illustrate the associated PSA and PRPG algorithms. 



Table 4. Boundary-Control Register Opcodes 



BINARY CODE 
BIT 2 -» BIT 0 
MSB -> LSB 


DESCRIPTION 


XOO 


Sample inputs/toggle outputs (TOPSIP) 


X01 


Pseudo-random pattern generation/1 6-bit mode (PRPG) 


X10 


Parallel-signature analysis/1 6-bit mode (PSA) 


011 


Simultaneous PSA and PRPG/8-bit mode (PSA/PRPG) 


111 


Simultaneous PSA and binary count up/8-bit mode (PSA/COUNT) 



In general, while the control input BSCs (bits 37-32) are not included in the sample, toggle, PSA, PRPG, or 
COUNT algorithms, the output-enable BSCs (bits 37-36 of the BSR) do control the drive state (active or high 
impedance) of the selected device output terminals. Th ese BC R instructions are valid only when the device is 
operating in one direction of data flow (that is, OEAB = OEBA). Otherwise, the bypass instruction is operated. 

PSA input masking 

Bits 1 0-3 of the BCR specify device input terminals to be masked from PSA operations. Bit 1 0 selects masking 
for device input pin A8 during A-to-B data flow or for device input pin B8 during B-to-A data flow. Bit 3 selects 
masking for device input terminals A1 or B1 during A-to-B or B-to-A data flow, respectively. Bits intermediate 
to 10 and 3 mask corresponding device input terminals in order, from most significant to least significant, as 
indicated in Table 3. When the mask bit that corresponds to a particular device input has a logic 1 value, the 
device input pin is masked from any PSA operation, i.e., the state of the device input pin is ignored and has no 
effect on the generated signature. Otherwise, when a mask bit has a logic 0 value, the corresponding device 
input is not masked from the PSA operation. 

sample Inputs/toggle outputs (TOPSIP) 

Data appearing at the selected device input terminals is captured in the shift-register elements of the selected 
BSCs on each rising edge of TCK. This data is updated in the shadow latches of the selected input BSCs and 
applied to the inputs of the normal on-chip logic. Data in the shift-register elements of the selected output BSCs 
is toggled on each rising edge of TCK, updated in the shadow latches, and applied to the associated device 
output terminals on each falling edge of TCK. 
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pseudo-random pattern generation (PRPG) 

A pseudo-random pattern is generated in the shift-register elements of the selected BSCs on each rising edge 
of TCK, updated in the shadow latches, and applied to the associated device output terminals on each falling 
edge of TCK. This data also is updated in the shadow latches of the selected input BSCs and applied to the 
inputs of the normal on-chip logic. Figures 5 and 6 show the 16-bit linear-feedback shift-register algorithms 
through which the patterns are generated. An initial seed value should be scanned into the BSR before 
performing this operation. A seed value of all zeroes does not produce additional patterns. 
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Figure 5. 16-Bit PRPG Configuration (OEAB = 1, OEBA = 1) 
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Figure 6. 16-Bit PRPG Configuration (OEAB = 0, OEBA = 0) 
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parallel-signature analysis (PSA) 

Data appearing at the selected device input terminals is compressed into a 16-bit parallel signature in the 
shift-register elements of the selected BSCs on each rising edge of TCK. This data is updated in the shadow 
latches of the selected input BSCs and applied to the inputs of the normal on-chip logic. Data in the shadow 
latches of the selected output BSCs remains constant and is applied to the device outputs. Figures 7 and 8 show 
the 16-bit linear-feedback shift-register algorithms through which the signature is generated. An initial seed 
value should be scanned into the BSR before performing this operation. 
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Figure 7. 16-Bit PSA Configuration (OEAB = 1, OEBA = 1) 
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Figure 8. 16-Bit PSA Configuration (OEAB = 0, OEBA = 0) 
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simultaneous PSA and PRPG (PSA/PRPG) 

Data appearing at the selected device input terminals is compressed into an 8-bit parallel signature in the 
shift-register elements of the selected input BSCs on each rising edge of TCK. This data is updated in the 
shadow latches of the selected input BSCs and applied to the inputs of the normal on-chip logic. At the same 
time, an 8-bit pseudo-random pattern is generated in the shift-register elements of the selected output BSCs 
on each rising edge of TCK, updated in the shadow latches, and applied to the associated device output 
terminals on each falling edge of TCK. Figures 9 and 1 0 show the 8-bit linear-feedback shift-register algorithms 
through which the signature and patterns are generated. An initial seed value should be scanned into the BSR 
before performing this operation. A seed value of all zeroes does not produce additional patterns. 



A8-I 



A7-I 



A6-I 



A5-I 



A4-I 



A3-I 



A2-I 




®-T> 



j 

B8-0 



-©-> -©-► 



B7-0 



B6-0 



B5-0 



T 

B4-0 



B3-0 



f 

B2-0 



Figure 9. 8-Bit PSA/PRPG Configuration (OEAB = 1, OEBA = 1) 
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Figure 10. 8-Bit PSA/PRPG Configuration (OEAB = 0, OEBA = 0) 
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simultaneous PSA and binary count up (PSA/COUNT) 

Data appearing at the selected device input terminals is compressed into an 8-bit parallel signature in the 
shift-register elements of the selected input BSCs on each rising edge of TCK. This data is updated in the 
shadow latches of the selected input BSCs and applied to the inputs of the normal on-chip logic. At the same 
time, an 8-bit binary count-up pattern is generated in the shift-register elements of the selected output BSCs 
on each rising edge of TCK, updated in the shadow latches, and applied to the associated device output 
terminals on each falling edge of TCK. In addition, the shift-register elements of the opposite output BSCs count 
carries out of the selected output BSCs extending the count to 16 bits. Figures 11 and 12 show the 8-bit 
linear-feedback shift-register algorithms through which the signature is generated. An initial seed value should 
be scanned into the BSR before performing this operation. 
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Figure 11. 8-Bit PSA/COUNT Configuration (OEAB = 1, OEBA = 1) 
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Figure 12. 8-Bit PSA/COUNT Configuration (OEAB = 0, OEBA = 0) 
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timing description 

All test operations of the 'ABT8652 are synchronous to TCK. Data on the TDI, TMS, and normal-function inputs 
is captured on the rising edge of TCK. Data appears on the TDO and normal-function output terminals on the 
falling edge of TCK. The TAP controller is advanced through its states (as shown in Figure 2) by changing the 
value of TMS on the falling edge of TCK and then applying a rising edge to TCK. 

A simple timing example is shown in Figure 13. In this example, the TAP controller begins in the 
Test-Logic-Reset state and is advanced through its states as necessary to perform one instruction-register scan 
and one data-register scan. While in the Shift-IR and Shift-DR states, TDI is used to input serial data, and TDO 
is used to output serial data. The TAP controller is then returned to the Test-Logic-Reset state. Table 5 details 
the operation of the test circuitry during each TCK cycle. 



Table 5. Explanation of Timing Example 



TCK 
CYCLE(S) 


TAP STATE 
AFTER TCK 


DESCRIPTION 


1 


Test-Logic-Reset 


TMS is changed to a logic 0 value on the falling edge of TCK to begin advancing the TAP controller toward 
the desired state. 


2 


Run-Test/ldle 




3 


Select-DR-Scan 




4 


Select-IR-Scan 




5 


Capture-IR 


The IR captures the 8-bit binary value 10000001 on the rising edge of TCK as the TAP controller exits the 
Capture-IR state. 


6 


Shift-IR 


TDO becomes active and TDI is made valid on the falling edge of TCK. The first bit is shifted into the TAP 
on the rising edge of TCK as the TAP controller advances to the next state. 


7-13 


Shift-IR 


One bit is shifted into the IR on each TCK rising edge. With TDI held at a logic 1 value, the 8-bit binary value 
1 1 1 1 1 1 1 1 is serially scanned into the IR. Atthe same time, the 8-bit binary value 1 0000001 is serially scanned 
out of the IR via TDO. In TCK cycle 13, TMS is changed to a logic 1 value to end the IR scan on the next 
TCK cycle. The last bit of the instruction is shifted as the TAP controller advances from Shift-IR to Exit1-IR. 


14 


ExitMR 


TDO becomes inactive (goes to the high-impedance state) on the falling edge of TCK. 


15 


Update-IR 


The IR is updated with the new instruction (BYPASS) on the falling edge of TCK. 


16 


Select-DR-Scan 




17 


Capture-DR 


The bypass register captures a logic 0 value on the rising edge of TCK as the TAP controller exits the 
Capture-DR state. 


18 


Shift-DR 


TDO becomes active and TDI is made valid on the falling edge of TCK. The first bit is shifted into the TAP 
on the rising edge of TCK as the TAP controller advances to the next state. 


19-20 


Shift-DR 


The binary value 101 is shifted in via TDI, while the binary value 010 is shifted out via TDO. 


21 


Exit1-DR 


TDO becomes inactive (goes to the high-impedance state) on the falling edge of TCK. 


22 


Update-DR 


In general, the selected data register is updated with the new data on the falling edge of TCK. 


23 


Select-DR-Scan 




24 


Select-IR-Scan 




25 


Test-Logic-Reset 


Test operation completed 
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 

™ jinjiixruiJiriJ^ 



TMS 



TDI 



TDO 



~1_J 



i_r 

J~L 



TAP 
Controller 
State 



l-Scan 


l-Scan 


-Reset 


9 


o 


gic 


09 




u 

_l 


Sel 


© 

CO 


Test- 



^ 3-State (TDO) or Don't Care (TDI) 
Figure 13. Timing Example 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, Vcc -0-5 V to 7 V 

Input voltage range, V|: except I/O ports (see Note 1) -0.5 V to 7 V 

I/O ports (see Note 1 ) -0.5 V to 5.5 V 

Voltage range applied to any output in the high state or power-off state, Vq -0.5 V to 5.5 V 

Current into any output in the low state, Iq: SN54ABT8652 96 mA 

SN74ABT8652 128 mA 

Input clamp current, I|k (V| < 0) -1 8 mA 

Output clamp current, Iqk ( v o < °) ~ 50 mA 

Maximum package power dissipation at Ta = 55°C (in still air) (see Note 2): DL package 0.7 W 

DW package 1 .7 W 

Storage temperature range, T s t g -65°C to 150°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 
NOTES: 1 . The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 

2. The maximum package power dissipation is calculated using a junction temperature of 1 50°C and a board trace length of 750 mils. 
For more information, referto the Package ThermalConsiderationsappWcation note in the ABT Advanced BiCMOS Technology Data 
Book, literature number SCBD002. 

recommended operating conditions (see Note 3) 







SN54ABT8652 


SN74ABT8652 


UNIT 






MIN 


MAX 


MIN 


MAX 


vcc 


Supply voltage 


4.5 


5.5 


4.5 


5.5 


V 


V|H 


High-level input voltage 


2 


2 


V 


V|L 


Low-level input voltage 


0.8 


0.8 


V 


V| 


Input voltage 


0 


vcc 


0 


vcc 


V 


lOH 


High-level output current 


-24 


-32 


mA 


lOL 


Low-level output current 


48 


64 


mA 


At/Av 


Input transition rise or fall rate 


10 


10 


ns/V 


ta 


Operating free-air temperature 


-55 


125 


-40 


85 


°C 



NOTE 3: Unused pins (input or I/O) must be held high or low to prevent them from floating. 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


Ta = 25°C 


SN54ABT8652 


SN74ABT8652 


UNIT 


Mlkl TVD"t* MAY 
MIN 1 Trl MAA 


Mlkl MAY 
MIN MAA 


MIM MAY 
MIN MAA 


V|K 


Vcc = 4.5 V, l|=-18mA 


—1 .2 


—1.2 


-1 .2 


V 


VOH 


Vcc = 4.5 V, Ioh = -3 mA 


2.5 


2.5 


2.5 


V 


Vcc = 5 V, Iqh = -3 mA 


3 


3 


3 


VCC - 4.5 V 


lOH = -24 mA 


2 


2 




lOH = -32 mA 






n 
c. 


vol 


Vcc - 4.5 V 


lOL = 48 mA 


u.oo 


u.oo 




V 


Iql = 64 mA 


\J.OO 




u.oo 


ii 


CLK, OEAB, 
OEBA, S, TCK 


Vcc = 5.5 V, V| = Vcc or GND 


±1 


±1 


±1 


uA 


A or B ports 


±100 


±100 


±100 


l|H 


TDI, TMS 


V C C = 5.5 V, V| = V C C 


10 


10 


10 


MA 


"IL 


TDI, TMS 


Vcc = 5.5 V, V| - GND 


-40 -160 


-40 -160 


-40 -160 


|iA 


'OZH* 


Vcc = 5.5 V, Vq = 2.7 V 


50 


50 


50 


HA 


lOZL* 


Vcc - 5.5 V, Vo = 0.5 V 


-50 


-50 


-50 


HA 


'OZPU 


Vcc = 0 to 2 V, Vq = 0.5 V or 2.7 V 


±50 


±50 


±50 


mA 


'OZPD 


Vcc = 2 V to 0, Vo = 0.5 V or 2.7 V 


xou 




xou 


■ i A 


'off 


Vcc = 0, V|orVo<4.5V 


±100 




+inn 


HA 


ICEX 


Outputs high 


Vcc = 5.5 V, Vo = 5.5 V 


50 


50 


50 


JlA 


l 0 § 


Vcc -5.5 V, Vq = 2.5V 


-50 -100 -180 


-50 -180 


-50 -180 


mA 


ice 


A or B ports 


V C C - 5.5 V, 

io = o, 

V| = Vcc or GND 


Outputs high 


0.9 2 


2 


2 


mA 


Outputs low 


30 38 


38 


38 


Outputs disabled 


0.9 2 


2 


2 


Alec 11 


Vcc = 5.5 V, One input at 3.4 V, 
Other inputs at Vcc or GND 


1.5 


1.5 


1.5 


mA 


Cj 


Control inputs 


V| = 2.5 V or 0.5 V 


3 






pF 


Cjo 


A or B ports 


Vo = 2.5 V or 0.5 V 


10 






PF 


Co 


TDO 


Vq = 2.5 V or 0.5 V 


8 






PF 



* On products compliant to MIL-PRF-38535, this parameter does not apply, 
t All typical values are at Vcc = 5 V. 

$ The parameters Iozh ar, d 'OZL include the input leakage current. 

§ Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 
It This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or ^ ND - 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (normal mode) (see Figure 14) 





SN54ABT8652 


SN74ABT8652 


UNIT 


MIN MAX 


MIN MAX 


'clock Clock frequency 


CLKAB or CLKBA 


0 100 


0 100 


MHz 


t w Pulse duration 


CLKAB or CLKBA high or low 


3 


3 


ns 


t su Setup time 


A before CLKABT or B before CLKBAt 


5.1 


4.5 


ns 


t n Hold time 


A after CLKABT or B after CLKBA? 


0.5 


0 


ns 


timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (test mode) (see Figure 14) 




SN54ABT8652 


SN74ABT8652 


UNIT 


MIN MAX 


MIN MAX 


'clock Clock frequency 


TCK 


0 50 


0 50 


MHz 


t w Pulse duration 


TCK high or low 


5 


5 


ns 


t su Setup time 


A, B, CLK, OEAB, OEBA, or S before TCKT 


5.1 


5 


ns 


TDI before TCKt 


6 


6 


TMS before TCKt 


6 


6 


t n Hold time 


A, B, CLK, OEAB, OEBA, or S after TCKT 


0.6 


0 


ns 


TDI after TCKt 


0.9 


0 


TMS after TCKt 


0.9 


0 


td Delay time 


Power up to TCKT 


50* 


50 


ns 


t r Rise time 


Vcc power up 


1* 


1 


(IS 



* On products compliant to MIL-PRF-38535, this parameter is not production tested. 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (normal mode) (see Figure 14) 









SN54ABT8652 




PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V C C = 5 V, 
T A = 25°C 


MIN 


MAX 


UNIT 








MIN 


TYP 


MAX 








fpnax 


CLKAB or CLKBA 




100 


130 




100 


MHz 


*PLH 


A or B 


Bor A 


2 


3.7 


5.1 


2 6 


ns 


tPHL 


1.5 


3.5 


4.4 


1.5 


5.8 


tPLH 


CLKAB or CLKBA 


Bor A 


2.5 


4.4 


5.3 


2.5 


6.3 


ns 


tPHL 


2.5 


4.3 


5.4 


2.5 


6.7 


tPLH 


SAB or SBA 


Bor A 


2 


4.8 


6.1 


2 


7.5 


ns 


tPHL 


2 


4.7 


6.7 


2 


7.8 


tpZH 


OEAB or OEBA 


Bor A 


1.7 


4.4 


5.4 


1.7 


6.7 


ns 


tpZL 


2 


5.2 


6.2 


2 


7.6 


tPHZ 


OEAB or OEBA 


Bor A 


2 


5.9 


6.9 


2 


8.3 


ns 


tPLZ 


2 


5.2 


6.2 


2 


7.8 



switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (normal mode) (see Figure 14) 









SN74ABT8652 




PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V C C = 5 V, 
Ta = 25°C 


MIN 


MAX 


UNIT 








MIN 


TYP 


MAX 








'max 


CLKAB or CLKBA 




100 


130 




100 


MHz 


tPLH 


AorB 


Bor A 


2 


3.7 


4.5 


2 


5.2 


ns 


tPHL 


1.5 


3.5 


4.4 


1.5 


5.5 


tPLH 


CLKAB or CLKBA 


Bor A 


2.5 


4.4 


5.3 


2.5 


6 


ns 


tPHL 


2.5 


4.3 


5.2 


2.5 


6.2 


tPLH 


SAB or SBA 


Bor A 


2 


4.8 


6 


2 


7.3 


ns 


tPHL 


2 


4.7 


5.9 


2 


7.4 


IPZH 


OEAB or OEBA 


Bor A 


2 


4.4 


5.4 


2 


6.5 


ns 


tpZL 


2 


5.2 


6.2 


2 


7.5 


tPHZ 


OEAB or OEBA 


Bor A 


2 


5.9 


6.9 


2 


7.9 


ns 


tPLZ 


2 


5.2 


6.2 


2 


7.4 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (test mode) (see Figure 14) 









SN54ABT8652 




PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


VCC = 5 V, 
Ta = 25°C 


MIN 


MAX 


UNIT 








MIN 


TYP 


MAX 








'max 


TCK 




50 


90 




50 


MHz 


'PLH 


TCKi 


A or B 


3.5 


8 


10.2 


3.3 


13.7 


ns 


tpHL 


3 


7.7 


9 


3 


12 


tPLH 


TCKi 


TDO 


2.5 


4.3 


5.5 


2.5 


7 


ns 


l PHL 


2.5 


4.2 


5.5 


2.5 


7 


tpZH 


TCKi 


A or B 


4.5 


8.2 


9.5 


4.3 


12.5 


ns 


tpZL 


4.5 


9 


10.5 


4.5 


13.5 


IPZH 


TCKi 


TDO 


2.5 


4.3 


5.5 


2.5 


7 


ns 


tpZL 


2.5 


4.9 


6 


2.5 


7.5 


tPHZ 


TCKI 


A or B 


3.5 


8.4 


12.9 


3.5 


14 


ns 


tpi_Z 


3 


8 


10.5 


3 


13.5 


tpHZ 


TCKI 


TDO 


3 


5.9 


7 


3 


9 


ns 


tPLZ 


3 


5 


6.5 


3 8 



switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (test mode) (see Figure 14) 









SN74ABT8652 




PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V C C = 5V, 
Ta = 25°C 


MIN 


MAX 


UNIT 








MIN 


TYP 


MAX 








'max 


TCK 




50 


90 




50 


MHz 


'PLH 


TCKi 


A or B 


3.5 


8 


9.5 


3.5 


12 


ns 


'PHL 


3 


7.7 


9 


3 


11.5 


'PLH 


TCKi 


TDO 


2.5 


4.3 


5.5 


2.5 


6.5 


ns 


'PHL 


2.5 


4.2 


5.5 


2.5 


6.5 


'PZH 


TCKi 


A or B 


4.5 


8.2 


9.5 


4.5 


12 


ns 


'PZL 


4.5 


9 


10.5 


4.5 


13 


'PZH 


TCKi 


TDO 


2.5 


4.3 


5.5 


2.5 


6.5 


ns 


l PZL 


2.5 


4.9 


6 


2.5 


7 


'PHZ 


TCKi 


A or B 


3.5 


8.4 


10.5 


3.5 


13.5 


ns 


'PLZ 


3 


8 


10.5 


3 


13 


'PHZ 


TCKi 


TDO 


3 


5.9 


7 


3 


8.5 


ns 


'PLZ 


3 


5 


6.5 


3 


7.5 
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PARAMETER MEASUREMENT INFORMATION 



From Output 

Under Test 

Cl = 50 pF 
(see Note A) 



500 Ci 

-vw- 



500 a 



,° 7V 

S y O Open 
? GND 



TEST 


S1 


tPLH rt PHL 
tpLZ rt PZL 
tPHZ'tPZH 


Open 
7V 
Open 



LOAD CIRCUIT 



tw 



— V M/ — 

Input 1.5 Vit A 1 ' 5V 



VOLTAGE WAVEFORMS 
PULSE DURATION 



3V 



0V 



Timing Input 



Data Input 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



3V 
0V 



3V 
0V 



Input 



Output 



Output 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output 
Control 



Output 
Waveform 1 
S1 at 7 V 
(see Note B) 

Output 
Waveform 2 
S1 at Open 
(see Note B) 



tpZL 



jtpLZ-*j K" 



3V 
0V 



\l.5V / 

\ | 4 Ypl_+_9_-3v 



3.5 V 

-- vol 



*pzh -+i r*- 



| *PHZ 



1.5 V 



1^ VOH-0-3 V V ° H 



0V 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. Cl includes probe and jig capacitance. 

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

C. All input pulses are supplied by generators having the following characteristics: PRR S 1 0 MHz, Zq = 50 £2, t r s 2.5 ns, tf < 2.5 ns. 

D. The outputs are measured one at a time with one transition per measurement. 



Figure 14. Load Circuit and Voltage Waveforms 
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Members of the Texas Instruments 
SCOPE™ Family of Testability Products 

Compatible With the IEEE Standard 
1149.1-1990 (JTAG) Test Access Port and 
Boundary-Scan Architecture 

© Functionally Equivalent to 'BCT2952 and 
'ABT2952 in the Normal-Function Mode 

• SCOPE ™ Instruction Set 

• IEEE Standard 1149.1-1990 Required 
Instructions, Optional INTEST, CLAMP, and 
HIGHZ 

e Parallel-Signature Analysis at Inputs With 
Masking Option 

• Pseudo-Random Pattern Generation From 
Outputs 

• Sample Inputs/Toggle Outputs 

• Binary Count From Outputs 

• Even-Parity Opcodes 

© Two Boundary-Scan Cells Per I/O for 
Greater Flexibility 

• State-of-the-Art EPIC-WB™ BiCMOS Design 
Significantly Reduces Power Dissipation 

• Package Options Include Shrink 
Small-Outline (DL) and Plastic 
Small-Outline (DW) Packages, Ceramic 
Chip Carriers (FK), and Standard Ceramic 
DIPs (JT) 

description 



SN54ABT8952 . . . JT PACKAGE 
SN74ABT8952 . . . DL OR DW PACKAGE 





(TOP VIEW) 


CLKABL 


I I 

1 


28 ] 


CLKENAB [ 


2 


27] 


oeab[ 


3 


26 ] 


M r 
A1 L 


4 


25 J 


A2[ 


5 


24] 


A3[ 


6 


23 ] 


GND[ 




22 ] 


A4[ 


8 


21] 


A5[ 


9 


20 ] 


A6[ 


10 


19] 


A7[ 


11 


18] 


A8[ 


12 


17] 


TDO[ 


13 


16] 


TMS[ 


14 


15] 



SN54ABT8952 . . . FK PACKAGE 
(TOP VIEW) 

O 

t- CM CO O in CD 

CO CD CO CO > CO CD 

I_JL_JL-1LJLJI_ILJ 



OEBA ] 5 
CLKENBA ] 6 
CLKBA ] 7 
CLKAB ] 8 
CL KENAB ] 9 
OEAB ] 10 
A1 ] 11 



4 3 



2 1 
O 



28 27 26 



25[ 
24[ 
23[ 
22[ 

21[ 
20[ 
19[ 



12 13 14 15 16 17 18 



B7 

B8 

TDI 

TCK 

TMS 

TDO 

A8 



5! 



n n ^ in <o s 
< Z < < < < 
O 



The 'ABT8952 scan test devices with octal 
registered bus transceivers are members of the 
Texas Instruments SCOPE™ testability 
integrated-circuit family. This family of devices 
supports IEEE Standard 1149.1-1990 boundary 
scan to facilitate testing of complex circuit-board 
assemblies. Scan access to the test circuitry is 
accomplished via the 4-wire test access port 
(TAP) interface. 

In the normal mode, these devices are functionally equivalent to the 'BCT2952 and 'ABT2952 octal registered 
bus transceivers. The test circuitry can be activated by the TAP to take snapshot samples of the data appearing 
at the device pins or to perform a self-test on the boundary-test cells. Activating the TAP in normal mode does 
not affect the functional operation of the SCOPE™ octal registered bus transceivers. 
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description (continued) 

Data flow in each direction is contro lled by cloc k (CLKAB and CLKBA), clock-enable (CLKENAB and 
CLKENBA), and output-enable (OEAB and OEBA) inputs. For A-to-B data f low, A-bus data is stored in the 
associated registers on the low-to-high transition of CLKAB, provided that CLKENAB is low. Otherwise, if 
CLKEN AB is high or CLKAB remains at a stati c low or high level, the register contents are not changed. When 
OEAB is low, the B outputs are active. When OEAB is high, the B outpu ts are in th e hig h-impe dance state. 
Control for B-to-A data flow is similar to that for A-to-B, but uses CLKBA, CLKENBA, and OEBA. 

In the test mode, the normal operation of the SCOPE™ registered bus transceivers is inhibited, and the test 
circuitry is enabled to observe and control the I/O boundary of the device. When enabled, the test circuitry 
performs boundary-scan test operations as described in IEEE Standard 1149.1-1990. 

Four dedicated test pins control the operation of the test circuitry: test data input (TDI), test data output (TDO), 
test mode select (TMS), and test clock (TCK). Additionally, the test circuitry performs other testing functions 
such as parallel signature analysis (PSA) on data inputs and pseudo-random pattern generation (PRPG) from 
data outputs. All testing and scan operations are synchronized to the TAP interface. 

The SN54ABT8952 is characterized for operation over the full military temperature range of -55°C to 125°C. 
The SN74ABT8952 is characterized for operation from -40°C to 85°C. 



FUNCTION TABLET 
(normal mode, each register) 



INPUTS 


OUTPUT 


OEAB 


CLKENAB 


CLKAB 


A 


B 


L 


L 


T 


L 


L 


L 


L 


T 


H 


H 


L 


H 


X 


X 


B 0 


L 


X 


L 


X 


B 0 


H 


X 


X 


X 


Z 



t A-to-B d ata flow is shown; B -to-A data flow is similar 
but uses OEBA, CLKENBA, and CLKBA. 
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functional block diagram 



OEBA 



26 



CLKENBA 



CLKBA 



27 



28 



OEAB 



CLKENAB 



CLKAB 



{> 



A1 




v C c- 



TDI 

v C c 



TMS 



TCK 



J1 H> 



Boundary-Scan Register 



MUX 

1 
1 



t>C1 
1D 



C1 



1D 



MUX 
G1 
1 
1 



One of Eight Channels 



Bypass Register 



Boundary-Control 
Register 



Instruction Register 



TAP 
Controller 



25 



B1 



TDO 



Pin numbers shown are for the DL, DW, and JT packages. 
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Terminal Functions 


TERMINAL 

MAMC 

IMAMC 


DESCRIPTION 


A1-A8 


Normal-function A-bus I/O ports. See function table for normal-mode logic. 


B1-B8 


Normal-function B-bus I/O ports. See function table for normal-mode logic. 


CLKAB, CLKBA 


Normal-function clock inputs. See function table for normal-mode logic. 


CLKENAB, CLKENBA 


Normal-function clock-enable inputs. See function table for normal-mode logic. 


GND 


Ground 


OEAB, OEBA 


Normal-function output-enable inputs. See function table for normal-mode logic. 


TCK 


Test clock. One of four pins required by IEEE Standard 1 1 49. 1 -1 990. Test operations of the device are synchronous 
to TCK. Data is captured on the rising edge of TCK and outputs change on the falling edge of TCK. 


TDI 


Test data input. One of four pins required by IEEE Standard 1149.1-1990. TDI is the serial input for shifting data 
through the instruction register or selected data register. An internal pullup forces TDI to a high level if left 
unconnected. 


TDO 


Test data output. One of four pins required by IEEE Standard 1 149.1 -1 990. TDO is the serial output for shifting data 
through the instruction register or selected data register. 


TMS 


Test mode select. One of four pins required by I EEE Standard 1 1 49.1 -1 990. TMS directs the device through its TAP 
controller states. An internal pullup forces TMS to a high level if left unconnected. 


vcc 


Supply voltage 
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test architecture 

Serial-test information is conveyed by means of a 4-wire test bus or TAP, that conforms to IEEE Standard 
1149.1-1990. Test instructions, test data, and test control signals all are passed along this serial-test bus. The 
TAP controller monitors two signals from the test bus, namely TCK and TMS. The TAP controller extracts the 
synchronization (TCK) and state control (TMS) signals from the test bus and generates the appropriate on-chip 
control signals for the test structures in the device. Figure 1 shows the TAP-controller state diagram. 

The TAP controller is fully synchronous to the TCK signal. Input data is captured on the rising edge of TCK and 
output data changes on the falling edge of TCK. This scheme ensures data to be captured is valid for fully 
one-half of the TCK cycle. 

The functional block diagram illustrates the IEEE Standard 1149.1-1990 4-wire test bus and boundary-scan 
architecture and the relationship among the test bus, the TAP controller, and the test registers. As illustrated, 
the device contains an 8-bit instruction register and three test-data registers: a 38-bit boundary-scan register, 
an 11 -bit boundary-control register, and a 1-bit bypass register. 
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Figure 1. TAP-Controller State Diagram 
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state diagram description 

The TAP controller is a synchronous finite state machine that provides test control signals throughout the device. 
The state diagram shown in Figure 1 is in accordance with IEEE Standard 1149.1-1990. The TAP controller 
proceeds through its states based on the level of TMS at the rising edge of TCK. 

As shown, the TAP controller consists of 1 6 states. There are six stable states (indicated by a looping arrow in 
the state diagram) and ten unstable states. A stable state as a state the TAP controller can retain for consecutive 
TCK cycles. Any state that does not meet this criterion is an unstable state. 

There are two main paths through the state diagram: one to access and control the selected data register and 
one to access and control the instruction register. Only one register can be accessed at a time. 

Test-Logic-Reset 

The device powers up in the Test-Logic-Reset state. In the stable Test-Logic-Reset state, the test logic is reset 
and is disabled so that the normal logic function of the device is performed. The instruction register is reset to 
an opcode that selects the optional IDCODE instruction, if supported, or the BYPASS instruction. Certain data 
registers also can be reset to their power-up values. 

The state machine is constructed such that the TAP controller returns to the Test-Logic-Reset state in no more 
than five TCK cycles if TMS is left high. The TMS pin has an internal pullup resistor that forces it high if left 
unconnected or if a board defect causes it to be open circuited. 

For the 'ABT8952, the instruction register is reset to the binary value 11111111, which selects the BYPASS 
instruction. Each bit in the boundary-scan register is reset to logic 0 except bits 37-36, which are reset to logic 1 . 
The boundary-control register is reset to the binary value 0000000001 0, which selects the PSA test operation 
with no input masking. 

Run-Test/Idle 

The TAP controller must pass through the Run-Test/ldle state (from Test-Logic-Reset) before executing any test 
operations. The Run-Test/Idle state also can be entered following data-register or instruction-register scans. 
Run-Test/ldle is a stable state in which the test logic can be actively running a test or can be idle. 

The test operations selected by the boundary-control register are performed while the TAP controller is in the 
Run-Test/Idle state. 

Select-DR-Scan, Select-IR-Scan 

No specific function is performed in the Select-DR-Scan and Select-IR-Scan states, and the TAP controller exits 
either of these states on the next TCK cycle. These states allow the selection of either data-register scan or 
instruction-register scan. 

Capture-DR 

When a data-register scan is selected, the TAP controller must pass through the Capture-DR state. In the 
Capture-DR state, the selected data register can capture a data value as specified by the current instruction. 
Such capture operations occur on the rising edge of TCK, upon which the TAP controller exits the 
Capture-DR state. 

Shift-DR 

Upon entry to the Shift-DR state, the data register is placed in the scan path between TDI and TDO and, on the 
first falling edge of TCK, TDO goes from the high-impedance state to an active state. TDO enables to the logic 
level present in the least-significant bit of the selected data register. 

While in the stable Shift-DR state, data is serially shifted through the selected data register on each TCK cycle. 
The first shift occurs on the first rising edge of TCK after entry to the Shift-DR state (i.e., no shifting occurs during 
the TCK cycle in which the TAP controller changes from Capture-DR to Shift-DR or from Exit2-DR to Shift-DR). 
The last shift occurs on the rising edge of TCK, upon which the TAP controller exits the Shift-DR state. 
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Exit1-DR, Exit2-DR 

The Exit1-DR and Exit2-DR states are temporary states that end a data-register scan. It is possible to return 
to the Shift-DR state from either Exit1-DR or Exit2-DR without recapturing the data register. 

On the first falling edge of TCK after entry to Exit1-DR, TDO goes from the active state to the 
high-impedance state. 

Pause-DR 

No specific function is performed in the stable Pause-DR state, in which the TAP controller can remain 
indefinitely. The Pause-DR state suspends and resumes data-register scan operations without loss of data. 

Update-DR 

If the current instruction calls for the selected data register to be updated with current data, then such update 
occurs on the falling edge of TCK, following entry to the Update-DR state. 

Capture-IR 

When an instruction-register scan is selected, the TAP controller must pass through the Capture-IR state. In 
the Capture-IR state, the instruction register captures its current status value. This capture operation occurs 
on the rising edge of TCK, upon which the TAP controller exits the Capture-IR state. 

For the 'ABT8952, the status value loaded in the Capture-IR state is the fixed binary value 10000001. 

Shift-IR 

Upon entry to the Shift-IR state, the instruction register is placed in the scan path between TDI and TDO and, 
on the first falling edge of TCK, TDO goes from the high-impedance state to an active state. TDO enables to 
the logic level present in the least-significant bit of the instruction register. 

While in the stable Shift-IR state, instruction data is serially shifted through the instruction register on each TCK 
cycle. The first shift occurs on the first rising edge of TCK after entry to the Shift-IR state (i.e., no shifting occurs 
during the TCK cycle in which the TAP controller changes from Capture-IR to Shift-IR or from Exit2-IR to 
Shift-IR). The last shift occurs on the rising edge of TCK, upon which the TAP controller exits the Shift-IR state. 

Exitl-IR, Exit2-IR 

The Exit1-IR and Exit2-IR states are temporary states that end an instruction-register scan. It is possible to 
return to the Shift-IR state from either Exit1-IR or Exit2-IR without recapturing the instruction register. 

On the first falling edge of TCK after entry to Exit1-IR, TDO goes from the active state to the 
high-impedance state. 

Pause-IR 

No specific function is performed in the stable Pause-IR state, in which the TAP controller can remain 
indefinitely. The Pause-IR state suspends and resumes instruction-register scan operations without loss 
of data. 

Update-IR 

The current instruction is updated and takes effect on the falling edge of TCK, following entry to the 
Update-IR state. 
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register overview 

With the exception of the bypass register, any test register can be thought of as a serial-shift register with a 
shadow latch on each bit. The bypass register differs in that it contains only a shift register. During the 
appropriate capture state (Capture-IR for instruction register, Capture-DR for data registers), the shift register 
can be parallel loaded from a source specified by the current instruction. During the appropriate shift state 
(Shift-IR or Shift-DR), the contents of the shift register are shifted out from TDO while new contents are shifted 
in at TDI. During the appropriate update state (Update-IR or Update-DR), the shadow latches are updated from 
the shift register. 

instruction register description 

The instruction register (IR) is eight bits long and tells the device what instruction is to be executed. Information 
contained in the instruction includes the mode of operation (either normal mode, in which the device performs 
its normal logic function, ortest mode, in which the normal logic function is inhibited or altered), the test operation 
to be performed, which of the three data registers is to be selected for inclusion in the scan path during 
data-register scans, and the source of data to be captured into the selected data register during Capture-DR. 

Table 3 lists the instructions supported by the 'ABT8952. The even-parity feature specified for SCOPE™ devices 
is supported in this device. Bit 7 of the instruction opcode is the parity bit. Any instructions that are defined for 
SCOPE™ devices but are not supported by this device default to BYPASS. 

During Capture-IR, the IR captures the binary value 1 0000001 . As an instruction is shifted in, this value is shifted 
out via TDO and can be inspected as verification that the IR is in the scan path. During Update-IR, the value 
that has been shifted into the IR is loaded into shadow latches. At this time, the current instruction is updated, 
and any specified mode change takes effect. At power up or in the Test-Logic-Reset state, the IR is reset to the 
binary value 11111111, which selects the BYPASS instruction. The IR order of scan is shown in Figure 2. 
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Figure 2. Instruction Register Order of Scan 
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data register description 
boundary-scan register 

The boundary-scan register (BSR) is 38 bits long. It contains one boundary-scan cell (BSC) for each 
normal-function input pin and two BSCs for each normal-function I/O pin (one for input data and one for output 
data). The BSR is used 1) to store test data that is to be applied internally to the inputs of the normal on-chip 
logic and/or externally to the device output pins, and/or 2) to capture data that appears internally at the outputs 
of the normal on-chip logic and/or externally at the device input pins. 

The source of data to be captured into the BSR during Capture-DR is determined by the current instruction. The 
contents of the BSR can change during Run-Test/ldle as determined by the current instruction. At power up or 
in Test-Logic-Reset, the value of each BSC is reset to logic 0 except BSCs 37-36, which are reset to logic 1 . 

The BSR order of scan is from TDI through bits 37-0 to TDO. Table 1 shows the BSR bits and their associated 
device pin signals. 



Table 1. Boundary-Scan Register Configuration 



BSR BIT 
NUMBER 


DEVICE 
SIGNAL 


BSR BIT 
NUMBER 


DEVICE 
SIGNAL 


BSR BIT 
NUMBER 


DEVICE 
SIGNAL 


BSR BIT 
NUMBER 


DEVICE 
SIGNAL 


BSR BIT 
NUMBER 


DEVICE 
SIGNAL 


37 


OEAB 


31 


A8-I 


23 


A8-0 


15 


B8-I 


7 


B8-0 


36 


OEBA 


30 


A7-I 


22 


A7-0 


14 


B7-I 


6 


B7-0 


35 


CLKAB 


29 


A6-I 


21 


A6-0 


13 


B6-I 


5 


B6-0 


34 


CLKBA 


28 


A5-I 


20 


A5-0 


12 


B5-I 
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B5-0 


33 
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A4-I 


19 


A4-0 
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3 


B4-0 


32 


CLKENBA 
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18 
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B3-I 
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boundary-control register 

The boundary-control register (BCR) is 11 bits long. The BCR is used in the context of the RUNT instruction to 
implement additional test operations not included in the basic SCOPE™ instruction set. Such operations include 
PRPG, PSA with input masking, and binary count up (COUNT). Table 4 shows the test operations that are 
decoded by the BCR. 

During Capture-DR, the contents of the BCR are not changed. At power up or in Test-Logic-Reset, the BCR is 
reset to the binary value 00000000010, which selects the PSA test operation with no input masking. 

The BCR order of scan is from TDI through bits 1 0-0 to TDO. Table 2 shows the BCR bits and their associated 
test control signals. 



Table 2. Boundary-Control Register Configuration 



BCR BIT 
NUMBER 


TEST 
CONTROL 
SIGNAL 


BCR BIT 
NUMBER 


TEST 
CONTROL 
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BCR BIT 
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TEST 
CONTROL 
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OPCODE2 
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bypass register 

The bypass register is a 1 -bit scan path that can be selected to shorten the length of the system scan path, 
thereby reducing the number of bits per test pattern that must be applied to complete a test operation. 

During Capture-DR, the bypass register captures a logic 0. The bypass register order of scan is shown in 
Figure 3. 
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Figure 3. Bypass Register Order of Scan 
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instruction-register opcode description 

The instruction-register opcodes are shown in Table 3. The following descriptions detail the operation of 
each instruction. 



Table 3. Instruction-Register Opcodes 



BINARY CODET 
BIT 7 -> BIT 0 
MSB -) LSB 


SCOPE OPCODE 


DESCRIPTION 


SELECTED DATA 
REGISTER 


MODE 


00000000 


EXTEST/INTEST 


Boundary scan 


Boundary scan 


Test 


10000001 


BYPASS* 


Bypass scan 


Bypass 


Normal 


10000010 


SAMPLE/PRELOAD 


Sample boundary 


Boundary scan 


Normal 


00000011 


INTEST/EXTEST 


Boundary scan 


Boundary scan 


Test 


10000100 


BYPASS* 


Bypass scan 


Bypass 


Normal 


00000101 


BYPASS* 


Bypass scan 


Bypass 


Normal 


00000110 


HIGHZ 


Control boundary to high impedance 


Bypass 


Modified test 


10000111 


CLAMP 


Control boundary to 1/0 


Bypass 


Test 


10001000 


BYPASS* 


Bypass scan 


Bypass 


Normal 


00001001 


RUNT 


Boundary run test 


Bypass 


Test 


00001010 


READBN 


Boundary read 


Boundary scan 


Normal 


10001011 


READBT 


Boundary read 


Boundary scan 


Test 


00001100 


CELLTST 


Boundary self test 


Boundary scan 


Normal 


10001101 


TOPHIP 


Boundary toggle outputs 


Bypass 


Test 


10001110 


SCANCN 


Boundary-control register scan 


Boundary control 


Normal 


00001111 


SCANCT 


Boundary-control register scan 


Boundary control 


Test 


All others 


BYPASS 


Bypass scan 


Bypass 


Normal 



t Bit 7 is used to maintain even parity in the 8-bit instruction. 

* The BYPASS instruction is executed in lieu of a SCOPE™ instruction that is not supported in the 'ABT8952. 



boundary scan 

This instruction conforms to the IEEE Standard 1149.1-1990 EXTEST and INTEST instructions. The BSR is 
selected in the scan path. Data appearing at the device input pins is captured in the input BSCs, while data 
appearing at the outputs of the normal on-chip logic is captured in the output BSCs. Data that has been scanned 
into the input BSCs is applied to the inputs of the normal on-chip logic, while data that has been scanned into 
the output BSCs is applied to the device output pins. The device operates in the test mode. 

bypass scan 

This instruction conforms to the IEEE Standard 1149.1-1990 BYPASS instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. The device 
operates in the normal mode. 

sample boundary 

This instruction conforms to the IEEE Standard 1149.1-1990 SAMPLE/PRELOAD instruction. The BSR is 
selected in the scan path. Data appearing at the device input pins is captured in the input BSCs, while data 
appearing at the outputs of the normal on-chip logic is captured in the output BSCs. The device operates in the 
normal mode. 
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control boundary to high Impedance 

This instruction conforms to the IEEE Standard 11 49.1 a-1 993 HIGHZ instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. The device 
operates in a modified test mode in which all device I/O pins are placed in the high-impedance state, the device 
input pins remain operational, and the normal on-chip logic function is performed. 

control boundary to 1/0 

This instruction conforms to the IEEE Standard 11 49.1 a-1 993 CLAMP instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. Data in the input 
BSCs is applied to the inputs of the normal on-chip logic, while data in the output BSCs is applied to the device 
output pins. The device operates in the test mode. 

boundary run test 

The bypass register is selected in the scan path. A logic 0 value is captured in the bypass register during 
Capture-DR. The device operates in the test mode. The test operation specified in the BCR is executed during 
Run-Test/ldle. The five test operations decoded by the BCR are: sample inputs/toggle outputs (TOPSIP), 
PRPG, PSA, simultaneous PSA and PRPG (PSA/PRPG), and simultaneous PSA and binary count up 
(PSA/COUNT). 

boundary read 

The BSR is selected in the scan path. The value in the BSR remains unchanged during Capture-DR. This 
instruction is useful for inspecting data after a PSA operation. 

boundary self test 

The BSR is selected in the scan path. All BSCs capture the inverse of their current values during Capture-DR. 
In this way, the contents of the shadow latches can be read out to verify the integrity of both shift-register and 
shadow-latch elements of the BSR. The device operates in the normal mode. 

boundary toggle outputs 

The bypass register is selected in the scan path. A logic 0 value is captured in the bypass register during 
Capture-DR. Data in the shift-register elements of the selected output BSCs is toggled on each rising edge of 
TCK in Run-Test/Idle, updated in the shadow latches, and applied to the associated device output pins on each 
falling edge of TCK in Run-Test/Idle. Data in the selected input BSCs remains constant and is applied to the 
inputs of the normal on-chip logic. Data appearing at the device input pins is not captured in the input BSCs. 
The device operates in the test mode. 

boundary-control-register scan 

The BCR is selected in the scan path. The value in the BCR remains unchanged during Capture-DR. This 
operation must be performed before a boundary run test operation to specify which test operation is to be 
executed. 
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boundary-control register opcode description 

The BCR opcodes are decoded from BCR bits 2-0 as shown in Table 4. The selected test operation is performed 
while the RUNT instruction is executed in the Run-Test/ldle state. The following descriptions detail the operation 
of each 3CR instruction and illustrate the associated PSA and PRPG algorithms. 



Table 4. Boundary-Control Register Opcodes 



BINARY CODE 
BIT 2 -> BIT 0 
MSB -* LSB 


DESCRIPTION 


XOO 


Sample inputs/toggle outputs (TOPSIP) 


X01 


Pseudo-random pattern generation/1 6-bit mode (PRPG) 


X10 


Parallel-signature analysis/1 6-bit mode (PSA) 


011 


Simultaneous PSA and PRPG/8-bit mode (PSA/PRPG) 


111 


Simultaneous PSA and binary count up/8-bit mode (PSA/COUNT) 



In general, while the cc ol input BSCs (bits 37-32) are not included in the sample, toggle, PSA, PRPG, or 
COUNT algorithms, the output-enable BSCs (bits 37-36 of the BSR) do control the drive state (active or high 
impedance) of the selected device output pi ns. The s e BCR instructions are valid only when the device is 
operating in one direction of data flow (that is, OEAB * OEBA). Otherwise, the bypass instruction is operated. 

PSA input masking 

Bits 1 0-3 of the BCR specify device input pins to be masked from PSA operations. Bit 1 0 selects masking for 
device input pin A£ during A-to-B data flow or for device input pin B8 during B-to-A data flow. Bit 3 selects 
masking for device input pins A1 or B1 during A-to-B or B-to-A data flow, respectively. Bits intermediate to 1 0 
and 3 mask corresponding device input pins in order from most significant to least significant, as indicated in 
Table 3. When the mask bit that corresponds to a particular device input has a logic 1 value, the device input 
pin is masked from any PSA operation, i.e., that the state of the device input pin is ignored and has no effect 
on the generated signature. Otherwise, when a mask bit has a logic 0 value, the corresponding device input 
is not masked from the PSA operation. 

sample inputs/toggle outputs (TOPSIP) 

Data appearing at the selected device input pins is captured in the shift-register elements of the selected BSCs 
on each rising edge of TCK. This data is updated in the shadow latches of the selected input BSCs and applied 
to the inputs of the normal on-chip logic. Data in the shift-register elements of the selected output BSCs is 
toggled on each rising edge of TCK, updated in the shadow latches, and applied to the associated device output 
pins on each falling edge of TCK. 
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pseudo-random pattern generation (PRPG) 

A pseudo-random pattern is generated in the shift-register elements of the selected BSCs on each rising edge 
of TCK, updated in the shadow latches, and applied to the associated device output pins on each falling edge 
of TCK. This data also is updated in the shadow latches of the selected input BSCs and applied to the inputs 
of the normal on-chip logic. Figures 4 and 5 illustrate the 1 6-bit linear-feedback shift-register algorithms through 
which the patterns are generated. An initial seed value should be scanned into the BSR before performing this 
operation. A seed value of all zeroes does not produce additional patterns. 
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Figure 4. 16-Bit PRPG Configuration (OEAB = 0, OEBA = 1) 
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Figure 5. 16-Bit PRPG Configuration (OEAB = 1, OEBA = 0) 
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parallel-signature analysis (PSA) 

Data appearing at the selected device input pins is compressed into a 16-bit parallel signature in the 
shift-register elements of the selected BSCs on each rising edge of TCK. This data is updated in the shadow 
latches of the selected input BSCs and applied to the inputs of the normal on-chip logic. Data in the shadow 
latches of the selected output BSCs remains constant and is applied to the device outputs. Figures 6 and 7 
illustrate the 1 6-bit linear-feedback shift-register algorithms through which the signature is generated. An initial 
seed value should be scanned into the BSR before performing this operation. 
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Figure 6. 16-Bit PSA Configuration (OEAB = 0, OEBA = 1) 
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Figure 7. 16-Bit PSA Configuration (OEAB = 1, OEBA = 0) 
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simultaneous PSA and PRPG (PSA/PRPG) 

Data appearing at the selected device input pins is compressed into an 8-bit parallel signature in the 
shift-register elements of the selected input BSCs on each rising edge of TCK. This data is updated in the 
shadow latches of the selected input BSCs and applied to the inputs of the normal on-chip logic. At the same 
time, an 8-bit pseudo-random pattern is generated in the shift-register elements of the selected output BSCs 
on each rising edge of TCK, updated in the shadow latches, and applied to the associated device output pins 
on each falling edge of TCK. Figures 8 and 9 illustrate the 8-bit linear-feedback shift-register algorithms through 
which the signature and patterns are generated. An initial seed value should be scanned into the BSR before 
performing this operation. A seed value of all zeroes does not produce additional patterns. 
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Figure 8. 8-Bit PSA/PRPG Configuration (OEAB = 0, OEBA = 1) 
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Figure 9. 8-Bit PSA/PRPG Configuration (OEAB = 1, OEBA = 0) 
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simultaneous PSA and binary count up (PSA/COUNT) 

Data appearing at the selected device input pins is compressed into an 8-bit parallel signature in the 
shift-register elements of the selected input BSCs on each rising edge of TCK. This data is updated in the 
shadow latches of the selected input BSCs and applied to the inputs of the normal on-chip logic. At the same 
time, an 8-bit binary count-up pattern is generated in the shift-register elements of the selected output BSCs 
on each rising edge of TCK, updated in the shadow latches, and applied to the associated device output pins 
on each falling edge of TCK. In addition, the shift-register elements of the opposite output BSCs count carries 
out of the selected output BSCs extending the count to 16 bits. Figures 10 and 11 illustrate the 8-bit 
linear-feedback shift-register algorithms through which the signature is generated. An initial seed value should 
be scanned into the BSR before performing this operation. 
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Figure 10. 8-Bit PSA/COUNT Configuration (OEAB = 0, OEBA = 1) 
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Figure 11. 8-Bit PSA/COUNT Configuration (OEAB = 1, OEBA = 0) 
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timing description 

All test operations of the 'ABT8952 are synchronous to TCK. Data on the TDI, TMS, and normal-function inputs 
is captured on the rising edge of TCK. Data appears on the TDO and normal-function output pins on the falling 
edge of TCK. The TAP controller is advanced through its states (as shown in Figure 1) by changing the value 
of TMS on the falling edge of TCK and then applying a rising edge to TCK. 

A simple timing example is shown in Figure 12. In this example, the TAP controller begins in the 
Test-Logic-Reset state and is advanced through its states as necessary to perform one instruction-register scan 
and one data-register scan. While in the Shift-IR and Shift-DR states, TDI is used to input serial data, and TDO 
is used to output serial data. The TAP controller is then returned to the Test-Logic-Reset state. Table 5 details 
the operation of the test circuitry during each TCK cycle. 



Table 5. Explanation of Timing Example 



TCK 
CYCLE(S) 


TAP STATE 
AFTER TCK 




1 


Test-Logic-Reset 


TMS is changed to a logic 0 value on the falling edge of TCK to begin advancing the TAP controller toward 
the desired state. 


2 


Run-Test/Idle 




3 


Select-DR-Scan 




4 


Select-IR-Scan 




5 


Capture-IR 


The IR captures the 8-bit binary value 10000001 on the rising edge of TCK as the TAP controller exits the 
Capture-IR state. 


6 


Shift-IR 


TDO becomes active and TDI is made valid on the falling edge of TCK. The first bit is shifted into the TAP 
on the rising edge of TCK as the TAP controller advances to the next state. 


7-13 


Shift-IR 


One bit is shifted into the IR on each TCK rising edge. With TDI held at a logic 1 value, the 8-bit binary value 
1 1 1 1 1 1 1 1 is serially scanned into the I R. At the same time, the 8-bit binary value 1 0000001 is serially scanned 
out of the IR via TDO. In TCK cycle 13, TMS is changed to a logic 1 value to end the IR scan on the next 
TCK cycle. The last bit of the instruction is shifted as the TAP controller advances from Shift-IR to Exitl -IR. 


14 


Exitl-IR 


TDO becomes inactive (goes to the high-impedance state) on the falling edge of TCK. 


15 


Update-IR 


The IR is updated with the new instruction (BYPASS) on the falling edge of TCK. 


16 


Select-DR-Scan 




17 


Capture-DR 


The bypass register captures a logic 0 value on the rising edge of TCK as the TAP controller exits the 
Capture-DR state. 


18 


Shift-DR 


TDO becomes active and TDI is made valid on the falling edge of TCK. The first bit is shifted into the TAP 
on the rising edge of TCK as the TAP controller advances to the next state. 


19-20 


Shift-DR 


The binary value 101 is shifted in via TDI, while the binary value 010 is shifted out via TDO. 


21 


Exit1-DR 


TDO becomes inactive (goes to the high-impedance state) on the falling edge of TCK. 


22 


Update-DR 


In general, the selected data register is updated with the new data on the falling edge of TCK. 


23 


Select-DR-Scan 




24 


Select-IR-Scan 




25 


Test-Logic-Reset 


Test operation completed 
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Figure 12. Timing Example 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, Vcc ~°- 5 V to 7 V 

Input voltage range, V| (except I/O ports) (see Note 1) -0.5 V to 7 V 

Input voltage range, V| (I/O ports) (see Note 1 ) -0.5 V to 5.5 V 

Voltage range applied to any output in the high state or power-off state, Vo -0-5 V to 5.5 V 

Current into any output in the low state, Ic-: SN54ABT8952 . 96 mA 

SN74ABT8952 128mA 

Input clamp current, l|f< (V| < 0) -1 8 mA 

Output clamp current, Iok ( v O < °) ~ 50 mA 

Maximum power dissipation at = 55°C (in still air) (see Note 2): DL package 0.7 W 

DW package 1.7 W 

Storage temperature range, T stg -65°C to 150°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 
NOTES: 1 . The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 

2. The maximum package power dissipation is calculated using a junction temperature of 1 50°C and a board trace length of 750 mils. 
For more information, refer to the Package Thermal Considerations application note in the ABT Advanced BiCMOS Technology Data 
Book, literature number SCBD002. 

recommended operating conditions (see Note 3) 





SN54ABT8952 


SN74ABT8952 


UNIT 


MIN MAX 


MIN MAX 


Vqc Supply voltage 


4.5 5,5 


4.5 5.5 


V 


Vm High-level input voltage 




2 


V 


V|i_ Low-level input voltage 




0.8 


V 


V| Input voltage 


o.*C v C c 


0 vcc 


V 


'OH High-level output current 


SJ -24 


-32 


mA 


Iql Low-level output current 


«r 


64 


mA 


At/Av Input transition rise or fall rate 


— 

10 

-4§- 


10 


ns/V 


Ta Operating free-air temperature 


-55 125 


-40 85 


°C 



NOTE 3: Unused pins (input or I/O) must be held high or low to prevent them from floating. 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


T A = 25°C 


SN54ABT8952 


SN74ABT8952 


UNIT 


MIN TYPt MAX 


MIN MAX 


MIN MAX 


V|K 


VCC-4.5V, l|--18mA 


-1.2 


-1.2 


-1.2 


V 


VOH 


Vcc - 4 - 5 v > 'OH = -3 mA 


2.5 


2.5 


2.5 


V 


Vqc ° 5 V, IqH = _3 TiA 


3 


3 


3 


V C C - 4.5 V 


Iqh » -24 mA 


2 


2 




Iqh - -32 mA 


2* 




2 


Vol 


Vcc - 4 - 5 v 


lOL - 48 mA 


0.55 


0.55 




V 


Iql ■ 64 mA 


0.55* 




0.55 


ii 


V C C - 5.5 V, 
V| - Vcc or GND 


CLK, CLKEN, 
OE, TCK 


4-1 


+1 

X I 


I I 


uA 


A or B ports 


±100 


±#0 


±100 


■lH 


V C C - 5.5 V, V|-V C C 


TDI, TMS 


10 




10 


uA 


"IL 


Vcc = 5.5 V, V| - GND 


TDI, TMS 


-40 -160 


-40 4** -160 


-40 -160 


pA 


•OZH* 


Vcc - 5.5 V, Vo - 2.7 V 


50 


O" 50 



50 


uA 


lOZL* 


Vcc - 5.5 V, Vo - 0.5 V 


-50 


<T -50 


-50 


uA 


'off 


Vcc-0. V|orVo^4.5V 


±100 




±100 


uA 


>OZPU 


Vcc = 0 to 2 V, Vq = 0.5 V or 2.7 V 


±50 


±50 


±50 


|iA 


'OZPD 


Vcc = 2 V toO, Vo = 0.5Vor2.7V 


±50 


±50 


±50 


pA 


>CEX 


Vcc - 5.5 V, Vq - 5.5 V 


Outputs high 


50 


50 


50 


jiA 


l 0 § 


Vcc - 5.5 V, Vq = 2.5 V 


-50 -100 -180 


-50 -180 


-50 -180 


mA 


'cc 


V C C - 5.5 V, 

io-o. 

V| = V C C ° r G ND 


AorB 
ports 


Outputs high 


0.9 2 


2 


2 


mA 


Outputs low 


30 38 


38 


38 


Outputs disabled 


0.9 2 


2 


2 


Alec 11 


Vcc = 5-5 V, One input at 3.4 V, 
Other inputs at Vcc or GND 


1.5 


1.5 


1.5 


mA 


Cj 


V| = 2.5Vor 0.5 V 


Control inputs 


3 






PF 


Cj 0 


Vo = 2.5 V or 0.5 V 


A or B ports 


10 






PF 


Co 


Vq - 2.5 V or 0.5 V 


TDO 


8 






PF 



*On products compliant to MIL-PRF-38535, this parameter does not apply, 
t All typical values are at Vcc - 5 V. 

t The parameters Iozh ar, d 'OZL include the input leakage current. 

§ Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 
H This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (normal mode) (see Figure 13) 





SN54ABT8952 


SN74ABT8952 


UNIT 


MIN MAX 


MIN MAX 


'clock Clock frequency 


CLKAB or CLKBA 


0 100 


0 100 


MHz 


t w Pulse duration 


CLKAB or CLKBA high or low 


3 


3 


ns 


t su Setup time 


A before CLKAB? or B before CLKBAt 




4.5 


ns 


CLKEN before CLKT 


<rajjy 


4.5 


th Hold time 


A after CLKABt or B after CLKBAT 




0 


ns 


CLKEN after CLKT 


0 


0 


timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (test mode) (see Figure 13) 




SN54ABT8952 


SN74ABT8952 


UNIT 


MIN MAX 


MIN MAX 


'clock Clock frequency 


TCK 


0 50 


0 50 


MHz 


t w Pulse duration 


TCK high or low 


5 


5 


ns 


t su Setup time 


A, B, CLK, CLKEN, or OE before TCKT 




5 


ns 


TDI before TCKT 


6 & 


6 


TMS before TCKT 


«r 


6 


^ Hold time 


A, B, CLK, CLKEN, or OE after TCKT 




0 


ns 


TDI after TCKT 




0 


TMS after TCKT 


Or- 

* o 


0 


td Delay time 


Power up to TCKT 


* 50* 


50 


ns 


t r Rise time 


Vcc power up 


1* 


1 


us 



*On products compliant to MIL-PRF-38535, this parameter is not production tested. 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (normal mode) (see Figure 13) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V C C = 5 V, 
T A = 25°C 


SN54ABT8952 


SN74ABT8952 


UNIT 




MIN 


TYP 


MAX 


MIN 


MAX 


MIN 


MAX 




'max 


CLK 


AorB 


100 


130 




100 




100 


MHz 


tPLH 


CLKAB or CLKBA 


Bor A 


3 


4.6 


5.4 


3 


^.5 


3 


6.3 


ns 


l PHL 


2.5 


3.8 


4.6 


2-5 i 


& 5.5 


2.5 


5.3 


tpZH 


OEAB or OEBA 


Bor A 


2 


4.1 


4.9 




2 


5.8 


ns 


tpZL 


2.5 


4.7 


5.5 


& 7.1 


2.5 


6.9 


tPHZ 


OEAB or OEBA 


Bor A 


2.5 


5.3 


6.1 


#■5 


7.5 


2.5 


7.3 


ns 


tPLZ 


3 


4.5 


5.3 


«f 3 


6.3 


3 


6.1 


switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (test mode) (see Figure 13) 


PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V C C = 5V, 
Ta = 25°C 


SN54ABT8952 


SN74ABT8952 


UNIT 




MIN 


TYP 


MAX 


MIN 


MAX 


MIN 


MAX 




f max 


TCK 




50 


90 




50 


50 


MHz 


tPLH 


TCK1 


AorB 


3.5 


8 


9.5 


3.5 


12.5 


3.5 


12 


ns 


l PHL 


3 


7.7 


9 


3 


12 


3 


11.5 


tPLH 


TCK1 


TDO 


2.5 


4.3 


5.5 


2-5 & 


2.5 


6.5 


ns 


tPHL 


2.5 


4.2 


5.5 


2.5 


#7 


2.5 


6.5 


tpZH 


TCKi 


AorB 


4.5 


8.2 


9.5 




^12.5 


4.5 


12 


ns 


tPZL 


4.5 


9 


10.5 


4.5C 


13.5 


4.5 


13 


IPZH 


TCKi 


TDO 


2.5 


4.3 


5:5 




7 


2.5 


6.5 


ns 


tpZL 


2.5 


4.9 


6 


i^5 


7.5 


2.5 


7 


tPHZ 


TCK1 


AorB 


3.5 


8.4 


10.5 




« 3.5 


14 


3.5 


13.5 


ns 


tpLZ 


3 


8 


10.5 


3 


13.5 


3 


13 


tPHZ 


TCKI 


TDO 


3 


5.9 


7 


3 


9 


3 


8.5 


ns 


tPLZ 


3 


5 


6.5 


3 


8 


3 


7.5 
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PARAMETER MEASUREMENT INFORMATION 

_ 7 V 



500 n 

■AAAr 



500 £2 



S \/ O Open 
9 GND 



TEST 


S1 


tPLH'tPHL 
tPLZ'tPZL 
tPHZ/tPZH 


Open 
7V 
Open 



LOAD CIRCUIT 



Input 



¥ ¥ — 

15V A A 15V 



VOLTAGE WAVEFORMS 
PULSE DURATION 



3V 



0V 



Timing Input 



Data Input 



Jfs 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



3V 
0V 



3V 
0V 



Input 



Output 



Output 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output 
Control 



Output 
Waveform 1 
S1 at 7 V 
(see Note B) 

Output 
Waveform 2 
S1 at Open 
(see Note B) 



tpZL -*j n- 



tPLZ («- 



3V 
0V 

3.5 V 



v_ol, + aav Vql 

| tpHZ -H 
tPZH ">j {*- | 

' «ov 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: 



A. C|_ includes probe and jig capacitance. 

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

C. All input pulses are supplied by generators having the following characteristics: PRR < 1 0 MHz, Zo = 50 £2, t r < 2.5 ns, tf < 2.5 ns. 

D. The outputs are measured one at a time with one transition per measurement. 



Figure 13. Load Circuit and Voltage Waveforms 
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Members of the Texas Instruments 
SCOPE™ Family of Testability Products 
Members of the Texas Instruments 
Widebus™ Family 

Compatible With the IEEE Standard 
1149.1-1990 (JTAG) Test Access Port and 
Boundary-Scan Architecture 

SCOPE™ Instruction Set 

- IEEE Standard 1149.1-1990 Required 
Instructions, CLAMP and HIGHZ 

- Parallel-Signature Analysis at Inputs 

- Pseudo-Random Pattern Generation 
From Outputs 

- Sample Inputs/Toggle Outputs 

- Binary Count From Outputs 

- Device Identification 

- Even-Parity Opcodes 

State-of-the-Art EP/C-IIB™ BiCMOS Design 
Significantly Reduces Power Dissipation 

Packaged in Plastic Shrink Small-Outline 
(DL) and Thin Shrink Small-Outline (DGG) 
Packages and 380-mil Fine-Pitch Ceramic 
Flat (WD) Packages 



SN54ABT18245A ... WD PACKAGE 
SN74ABT18245A . . . DGG OR DL PACKAGE 
CTOP VIEW) 



description 



1DIR[ 
1B1[ 
1B2[ 

GND[ 
1B3[ 
1B4[ 

VccE 

1B5[ 
1B6[ 
1B7[ 
GND[ 
1B8[ 
1B9[ 
2B1[ 
2B2[ 
2B3[ 
2B4[ 
GND[ 
2B5[ 
2B6[ 
2B7[ 
VccL 
2B8[ 
2B9[ 
GND[ 
2JIR[ 
TDO[ 
TMS[ 



56 ] 10E 
55 ] 1A1 
54 ] 1A2 
53 ] GND 
52 ] 1A3 
51 ] 1A4 
50 ] V cc 
49 ] 1A5 
48 j 1A6 
47 ] 1A7 
46 ] GND 
45 ] 1A8 
44 ] 1A9 
43 ] 2A1 
42 ] 2A2 
41 ] 2A3 
40 ] 2A4 
39 ] GND 
38 ] 2A5 
37 ] 2A6 
36 ] 2A7 
35 ] V cc 
34 ] 2A8 
33 ] 2A9 
32]G_ND 
31 ]20E 
30 ] TDI 
29 ] TCK 



The 'ABT1 8245A scan test devices with 1 8-bit bus 
transceivers are members of the Texas 
Instruments SCOPE™ testability integrated- 
circuit family. This family of devices supports IEEE 
Standard 1 1 49.1-1 990 boundary scan to facilitate 
testing of complex circuit-board assemblies. Scan 
access to the test circuitry is accomplished via the 
4-wire test access port (TAP) interface. 

In the normal mode, these devices are 18-bit noninverting bus transceivers. They can be used either as two 
9-bit transceivers or one 1 8-bit transceiver. The test circuitry can be activated by the TAP to take snapshot 
samples of the data appearing at the device pins or to perform a self test on the boundary-test cells. Activating 
the TAP in the normal mode does not affect the functional operation of the SCOPE™ bus transceivers. 

Data flow is controlled by the direction-control (DIR) and output-enable (OE) inputs. Data transmission is 
allowed from the A bus to the B bus or from the B bus to the A bus, depending on the logic level at DIR. OE can 
be used to disable the device so that the buses are effectively isolated. 

In the test mode, the normal operation of the SCOPE™ bus transceivers is inhibited and the test circuitry is 
enabled to observe and control the input/output (I/O) boundary of the device. When enabled, the test circuitry 
performs boundary-scan test operations according to the protocol described in IEEE Standard 1149.1-1990. 



SCOPE, Widebus, and EPIC-IIB are trademarks of Texas Instruments Incorporated. 



PRODUCTION DATA Information Is current as o< publication data. 
Products conform to specifications per the terms ol Texas Instruments 
standard warranty. Production processing does not necessarily Include 
testing of all parameters. 
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description (continued) 

Four dedicated test pins observe and control the operation of the test circuitry: test data input (TDI), test data 
output (TDO), test mode select (TMS), and test clock (TCK). Additionally, the test circuitry performs other testing 
functions such as parallel-signature analysis (PSA) on data inputs and pseudo-random pattern generation 
(PRPG) from data outputs. All testing and scan operations are synchronized to the TAP interface. 

The SN74ABT1 8245A is available in Tl's shrink small-outline (DL) and thin shrink small-outline (DGG) 
packages, which provide twice the I/O pin count and functionality of standard small-outline packages in the 
same printed-circuit-board area. 

The SN54ABT1 8245A is characterized for operation over the full military temperature range of-55°Cto 1 25°C. 
The SN74ABT1 8245A is characterized for operation from -40°C to 85°C. 



FUNCTION TABLE 
(normal mode, each 9-blt section) 



INPUTS 


OPERATION 


OE DIR 


L L 
L H 
H X 


B data to A bus 
A data to B bus 
Isolation 
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functional block diagram 



1DIR 



10E 



1A1 



2DIR 



56 



55 



26 



2A1 



43 



TDI 



TMS 



TCK 



vcc < 

30 < 



V CC< 
28 1 



29 



Boundary-Scan Register 




One of Nine Channels 



3D- 



One of Nine Channels 



Bypass Register 



Boundary-Control 
Register 



Identification 
Register 



Instruction Register 



TAP 
Controller 



1B1 



14 



2B1 



TDO 
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Terminal Functions 


TERMINAL 
NAME 


DESCRIPTION 


1A1-1A9, 
2A1-2A9 


Normal-function A-bus I/O ports. See function table for normal-mode logic. 


1B1-1B9, 
2B1-2B9 


Normal-function B-bus I/O ports. See function table for normal-mode logic. 


1DIR, 2DIR 


Normal-function direction controls. See function table for normal-mode logic. 


GND 


Ground 


10E.20E 


Normal-function output enables. See function table for normal-mode logic. 


TCK 


Test clock. One of four terminals required by I EEE Standard 1 1 49.1 -1 990. Test operations of the device are synchronous to 
TCK. Data is captured on the rising edge of TCK and outputs change on the falling edge of TCK. 


TDI 


Test data input. One of four terminals required by IEEE Standard 1 1 49.1-1 990. TDI is the serial input for shifting data through 
the instruction register or selected data register. An internal pullup forces TDI to a high level if left unconnected. 


TDO 


Test data output. One of four terminals required by IEEE Standard 1149.1-1990. TDO is the serial output for shifting data 
through the instruction register or selected data register. 


TMS 


Test mode select. One of four terminals required by IEEE Standard 1149.1-1990. TMS directs the device through its TAP 
controller states. An internal pullup forces TMS to a high level if left unconnected. 


vcc 


Supply voltage 
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test architecture 

Serial-test information is conveyed by means of a 4-wire test bus or TAP, that conforms to IEEE Standard 
1149.1-1990. Test instructions, test data, and test control signals all are passed along this serial-test bus. The 
TAP controller monitors two signals from the test bus, TCK and TMS. The TAP controller extracts the 
synchronization (TCK) and state control (TMS) signals from the test bus and generates the appropriate on-chip 
control signals for the test structures in the device. Figure 1 shows the TAP-controller state diagram. 

The TAP controller is fully synchronous to the TCK signal. Input data is captured on the rising edge of TCK and 
output data changes on the falling edge of TCK. This scheme ensures that data to be captured is valid for fully 
one-half of the TCK cycle. 

The functional block diagram illustrates the IEEE Standard 1149.1-1990 4-wire test bus and boundary-scan 
architecture and the relationship among the test bus, the TAP controller, and the test registers. As illustrated, 
the device contains an 8-bit instruction register and four test-data registers: a 44-bit boundary-scan register, a 
3-bit boundary-control register, a 1 -bit bypass register, and a 32-bit device-identification register. 



TMS = H 



TMS = L 




Test-Logic-Reset 



> 



TMS = L 



Run-Test/Idle 



> 



TMS = H 



< 



Select-DR-Scan 





> 



TMS = H 



< 



TMS = L 



Capture-DR 



TMS = H TMS = H 



TMS = L 



Shlft-DR 



> 



TMS = H 



Exlt1-DR 



> 



TMS = L 



Pause-DR 



> 



TMS = H 



Exlt2-DR 



> 



TMS = L 



TMS = H 



Update-DR 



TMS = H 



> 



TMS = L 



< 



< 



< 



< 



TMS = L 



< 



< 



Select-IR-Scan 



> 



TMS = H 



TMS - L 



Capture-IR 



TMS = L 



Shlft-IR 



TMS = H 




TMS = H 



ExiH-IR 



TMS = L 



Pauso-IR 



TMS = H 




Exit2-IR 



TMS = H 

r 

Update-IR >*- 



TMS = H 



> 



TMS = L 



Figure 1. TAP-Controller State Diagram 
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state diagram description 

The TAP controller is a synchronous finite state machine that provides test control signals throughout the device. 
The state diagram shown in Figure 1 is in accordance with IEEE Standard 1149.1-1990. The TAP controller 
proceeds through its states based on the level of TMS at the rising edge of TCK. 

As shown, the TAP controller consists of 1 6 states. There are six stable states (indicated by. a looping arrow in 
the state diagram) and ten unstable states. A stable state is a state the TAP controller can retain for consecutive 
TCK cycles. Any state that does not meet this criterion is an unstable state. 

There are two main paths through the state diagram: one to access and control the selected data register and 
one to access and control the instruction register. Only one register can be accessed at a time. 

Test-Logic-Reset 

The device powers up in the Test-Logic-Reset state. In the stable Test-Logic-Reset state, the test logic is reset 
and is disabled so that the normal logic function of the device is performed. The instruction register is reset to 
an opcode that selects the optional IDCODE instruction, if supported, or the BYPASS instruction. Certain data 
registers also can be reset to their power-up values. 

The state machine is constructed such that the TAP controller returns to the Test-Logic-Reset state in no more 
than five TCK cycles if TMS is left high. TMS has an internal pullup resistor that forces it high if left unconnected 
or if a board defect causes it to be open circuited. 

For the 'ABT1 8245A, the instruction register is reset to the binary value 1 0000001 , which selects the IDCODE 
instruction. Bits 43-40 in the boundary-scan register are reset to logic 0, ensuring that these cells, which control 
the A-port and B-port outputs are set to benign values (i.e., if test mode were invoked, the outputs would be at 
the high-impedance state). Reset values of other bits in the boundary-scan register should be considered 
indeterminate. The boundary-control register is reset to the binary value 010, which selects the PSA test 
operation. 

Run-Test/Idle 

The TAP controller must pass through the Run-Test/Idle state (from Test-Logic-Reset) before executing any test 
operations. The Run-Test/Idle state also can be entered following data-register or instruction-register scans. 
Run-Test/ldle is a stable state in which the test logic can be actively running a test or can be idle. The test 
operations selected by the boundary-control register are performed while the TAP controller is in the 
Run-Test/ldle state. 

Select-DR-Scan, Select-IR-Scan 

No specific function is performed in the Select-DR-Scan and Select-IR-Scan states, and the TAP controller exits 
either of these states on the next TCK cycle. These states allow the selection of either data-register scan or 
instruction-register scan. 

Capture-DR 

When a data-register scan is selected, the TAP controller must pass through the Capture-DR state. In the 
Capture-DR state, the selected data register can capture a data value as specified by the current instruction. 
Such capture operations occur on the rising edge of TCK, upon which the TAP controller exits the Capture-DR 
state. 
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Shift-DR 

Upon entry to the Shift-DR state, the data register is placed in the scan path between TDI and TDO. On the first 
falling edge of TCK, TDO goes from the high-impedance state to an active state. TDO enables to the logic level 
present in the least-significant bit of the selected data register. 

While in the stable Shift-DR state, data is serially shifted through the selected data register on each TCK cycle. 
The first shift occurs on the first rising edge of TCK after entry to the Shift-DR state (i.e., no shifting occurs during 
the TCK cycle in which the TAP controller changes from Capture-DR to Shift-DR or from Exit2-DR to Shift-DR). 
The last shift occurs on the rising edge of TCK, upon which the TAP controller exits the Shift-DR state. 

Exitl-DR, Exit2-DR 

The Exit1-DR and Exit2-DR states are temporary states that end a data-register scan. It is possible to return 
to the Shift-DR state from either Exit1-DR or Exit2-DR without recapturing the data register. On the first falling 
edge of TCK after entry to Exitl-DR, TDO goes from the active state to the high-impedance state. 

Pause-DR 

No specific function is performed in the stable Pause-DR state, in which the TAP controller can remain 
indefinitely. The Pause-DR state suspends and resumes data-register scan operations without loss of data. 

Update-DR 

If the current instruction calls for the selected data register to be updated with current data, such updates occur 
on the falling edge of TCK, following entry to the Update-DR state. 

Capture-IR 

When an instruction-register scan is selected, the TAP controller must pass through the Capture-IR state. In 
the Capture-IR state, the instruction register captures its current status value. This capture operation occurs 
on the rising edge of TCK, upon which the TAP controller exits the Capture-IR state. For the 'ABT1 8245A, the 
status value loaded in the Capture-IR state is the fixed binary value 1 0000001 . ' 

Shift-IR 

Upon entry to the Shift-IR state, the instruction register is placed in the scan path between TDI and TDO. On 
the first falling edge of TCK, TDO goes from the high-impedance state to an active state. TDO enables to the 
logic level present in the least-significant bit of the instruction register. 

While in the stable Shift-IR state, instruction data is serially shifted through the instruction register on each TCK 
cycle. The first shift occurs on the first rising edge of TCK after entry to the Shift-IR state (i.e., no shifting occurs 
during the TCK cycle in which the TAP controller changes from Capture-IR to Shift-IR or from Exit2-IR to 
Shift-IR). The last shift occurs on the rising edge of TCK, upon which the TAP controller exits the Shift-IR state. 

Exit-MR, Exit2-IR 

The Exit1-IR and Exit2-IR states are temporary states that end an instruction-register scan. It is possible to 
return to the Shift-IR state from either Exit1-IR or Exit2-IR without recapturing the instruction register. On the 
first falling edge of TCK after entry to Exit1-IR, TDO goes from the active state to the high-impedance state. 

Pause-IR 

No specific function is performed in the stable Pause-IR state, in which the TAP controller can remain 
indefinitely. The Pause-IR state suspends and resumes instruction-register scan operations without loss of 
data. 

Update-IR 

The current instruction is updated and takes effect on the falling edge of TCK, following entry to the Update-IR 
state. 
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register overview 

With the exception of the bypass and device-identification registers, any test register can be thought of as a 
serial-shift register with a shadow latch on each bit. The bypass and device-identification registers differ in that 
they contain only a shift register. During the appropriate capture state (Capture-IR for instruction register, 
Capture-DR for data registers), the shift register can be parallel loaded from a source specified by the current 
instruction. During the appropriate shift state (Shift-IR or Shift-DR), the contents of the shift register are shifted 
out from TDO while new contents are shifted in at TDI. During the appropriate update state (Update-IR or 
Update-DR), the shadow latches are updated from the shift register. 

instruction register description 

The instruction register (IR) is eight bits long and tells the device what instruction is to be executed. Information 
contained in the instruction includes the mode of operation (either normal mode, in which the device performs 
its normal logic function, or test mode, in which the normal logic function is inhibited or altered), the test operation 
to be performed, which of the four data registers is to be selected for inclusion in the scan path during 
data-register scans, and the source of data to be captured into the selected data register during Capture-DR. 

Table 3 lists the instructions supported by the 'ABT18245A. The even-parity feature specified for SCOPE™ 
devices is supported in this device. Bit 7 of the instruction opcode is the parity bit. Any instructions that are 
defined for SCOPE™ devices but are not supported by this device default to BYPASS. 

During Capture-IR, the IR captures the binary value 1 0000001 . As an instruction is shifted in, this value is shifted 
out via TDO and can be inspected as verification that the IR is in the scan path. During Update-IR, the value 
that has been shifted into the IR is loaded into shadow latches. At this time, the current instruction is updated 
and any specified mode change takes effect. At power up or in the Test-Logic-Reset state, the IR is reset to the 
binary value 10000001 , which selects the IDCODE instruction. The IR order of scan is shown in Figure 2. 





Bit 7 




























BItO 
(LSB) 


TDI — ► 


Parity 
(MSB) 


— * 


Bit 6 


— ► 


Bit 5 


— ► 


Bit 4 


— ► 


Bit 3 


— ► 


Bit 2 


— ► 


Bit 1 


— ► 



Figure 2. Instruction Register Order of Scan 
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data register description 
boundary-scan register 

The boundary-scan register (BSR) is 44 bits long. It contains one boundary-scan cell (BSC) for each 
normal-function input pin, one BSC for each normal-function I/O pin (one single cell for both input data and 
output data), and one BSC for each of the internally decoded output-enable signals (10EA, 20EA, 10EB, 
20EB). The BSR is used to store test data that is to be applied externally to the device output pins, and/or to 
capture data that appears internally at the outputs of the normal on-chip logic and/or externally at the device 
input pins. 

The source of data to be captured into the BSR during Capture-DR is determined by the current instruction. The 
contents of the BSR can change during Run-Test/Idle, as determined by the current instruction. At power up 
or in Test-Logic-Reset, BSCs 43-40 are reset to logic 0, ensuring that these cells, which control A-port and 
B-port outputs, are set to benign values (i.e., if test mode were invoked, the outputs would be at the 
high-impedance state). Reset values of other BSCs should be considered indeterminate. 

When external data is to be captured, the BSCs for signals 1 0EA, 20EA, 1 0EB , and20 EB captur e logic values 
determined by the following pos itive-logic equations: 10EA= 10E» 1 DIR, 20EA= 20E • 2DIR, 
10EB = 10E • DIR, and 20EB = 20E • DIR. When data is to be applied externally, these BSCs control the 
drive state (active or high impedance) of their respective outputs. 

The BSR order of scan is from TDI through bits 43-0 to TDO. Table 1 shows the BSR bits and their associated 
device pin signals. 



Table 1. Boundary-Scan Register Configuration 



BSR BIT 
NUMBER 


DEVICE 
SIGNAL 


BSR BIT 
NUMBER 


DEVICE 
SIGNAL 


BSR BIT 
NUMBER 


DEVICE 
SIGNAL 


BSR BIT 
NUMBER 


DEVICE 
SIGNAL 


BSR BIT 
NUMBER 


DEVICE 
SIGNAL 


43 


20EB 


35 


2A9-I/0 


26 


1A9-I/0 


17 


2B9-I/0 


8 


1B9-I/0 


42 


10EB 


34 


2A8-I/0 


25 


1A8-I/0 


16 


2B8-I/0 


7 


1B8-I/0 


41 


20EA 


33 


2A7-I/0 


24 


1A7-I/0 


15 


2B7-I/0 


6 


1B7-I/0 


40 


10EA 


32 


2A6-I/0 


23 


1A6-I/0 


14 


2B6-I/0 


5 


1B6-I/0 


39 


2DIR 


31 


2A5-I/0 


22 


1A5-I/0 


13 


2B5-I/0 


4 


1B5-I/0 


38 


1DIR 


30 


2A4-I/0 


21 


1A4-I/0 


12 


2B4-I/0 


3 


1B4-I/0 


37 


20E 


29 


2A3-I/0 


20 


1A3-I/0 


11 


2B3-I/0 


2 


1B3-I/0 


36 


10E 


28 


2A2-I/0 


19 


1A2-I/0 


10 


2B2-I/0 


1 


1B2-I/0 






27 


2A1-I/0 


18 


1A1-I/0 


9 


2B1-I/0 


0 


1B1-I/0 



boundary-control register 

The boundary-control register (BCR) is three bits long. The BCR is used in the context of the boundary-run test 
(RUNT) instruction to implement additional test operations not included in the basic SCOPE™ instruction set. 
Such operations include PRPG, PSA, and binary count up (COUNT). Table 4 shows the test operations that 
are decoded by the BCR. 

During Capture-DR, the contents of the BCR are not changed. At power up or in Test-Logic-Reset, the BCR is 
reset to the binary value 010, which selects the PSA test operation. The BCR order of scan is shown in 
Figure 3. 



TDI ► 



Bit 2 




Bit 1 




BltO 


(MSB) 


► 


► 


(LSB) 



Figure 3. Boundary-Control Register Order of Scan 
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bypass register 

The bypass register is a 1-bit scan path that can be selected to shorten the length of the system scan path, 
reducing the number of bits per test pattern that must be applied to complete a test operation. During 
Capture-DR, the bypass register captures a logic 0. The bypass register order of scan is shown in 
Figure 4. 



TDI 



BltO 



-> TDO 



Figure 4. Bypass Register Order of Scan 

device-identification register 

The device-identification register (IDR) is 32 bits long. It can be selected and read to identify the manufacturer, 
part number, and version of this device. 

During Capture-DR, the binary value 00010000000000000101000000101111 (1000502F, hex) is captured in 
the IDR to identify this device as Texas Instruments SN54/74ABT18245A. The IDR order of scan is from TDI 
through bits 31-0 to TDO. Table 2 shows the IDR bits and their significance. 



Table 2. Device-Identification Register Configuration 



IDR BIT 
NUMBER 


IDENTIFICATION 
SIGNIFICANCE 


IDR BIT 
NUMBER 


IDENTIFICATION 
SIGNIFICANCE 


IDR BIT 
NUMBER 


IDENTIFICATION 
SIGNIFICANCE 


31 


VERSION3 


27 


PARTNUMBER15 


11 


MANUFACTURER^ 


30 


VERSION2 


26 


PARTNUMBER14 


10 


MANUFACTURER09T 


29 


VERSION1 


25 


PARTNUMBER13 


9 


MANUFACTURER08T 


28 


VERSION0 


24 


PARTNUMBER12 


8 


MANUFACTURER07T 






23 


PARTNUMBER11 


7 


MANUFACTURER06T 






22 


PARTNUMBER10 


6 


MANUFACTURER05T 






21 


PARTNUMBER09 


5 


MANUFACTURER04T 






20 


PARTNUMBER08 


4 


MANUFACTURER03T 






19 


PARTNUMBER07 


3 


MANUFACTURER02T 






18 


PARTNUMBER06 


2 


MANUFACTURER01T 






17 


PARTNUMBER05 


1 


MANUFACTUREROOt 






16 


PARTNUMBER04 


0 


LOGIC1T 






15 


PARTNUMBER03 










14 


PARTNUMBER02 










13 


PARTNUMBER01 










12 


PARTNUMBER00 







t Note that for Tl products, bits 11-0 of the device-identification register always contain the binary value 000000101111 
(02F, hex). 
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instruction-register opcode description 

The instruction-register opcodes are shown in Table 3. The following descriptions detail the operation of each 
instruction. 



Table 3. Instruction-Register Opcodes 



BINARY CODEt 
BIT 7 -» BIT 0 
MSB -> LSB 


SCOPE OPCODE 


DESCRIPTION 


SELECTED DATA 
REGISTER 


MODE 


00000000 


EXTEST 


Boundary scan 


Boundary scan 


Test 


10000001 


IDCODE 


Identification read 


Device identification 


Normal 


10000010 


SAMPLE/PRELOAD 


Sample boundary 


Boundary scan 


Normal 


00000011 


BYPASS* 


Bypass scan 


Bypass 


Normal 


10000100 


BYPASS* 


Bypass scan 


Bypass 


Normal 


00000101 


BYPASS* 


Bypass scan 


Bypass 


Normal 


00000110 


HIGHZ 


Control boundary to high impedance 


Bypass 


Modified test 


10000111 


CLAMP 


Control boundary to 1/0 


Bypass 


Test 


10001000 


BYPASS* 


Bypass scan 


Bypass 


Normal 


00001001 


RUNT 


Boundary-run test 


Bypass 


Test 


00001010 


READBN 


Boundary read 


Boundary scan 


Normal 


10001011 


READBT 


Boundary read 


Boundary scan 


Test 


00001100 


CELLTST 


Boundary self test 


Boundary scan 


Normal 


10001101 


TOPHIP 


Boundary toggle outputs 


Bypass 


Test 


10001110 


SCANCN 


Boundary-control register scan 


Boundary control 


Normal 


00001111 


SCANCT 


Boundary-control register scan 


Boundary control 


Test 


All others 


BYPASS 


Bypass scan 


Bypass 


Normal 



t Bit 7 is used to maintain even parity in the 8-bit instruction. 

*The BYPASS instruction is executed in lieu of a SCOPE™ instruction that is not supported in the 'ABT18245A. 



boundary scan 

This instruction conforms to the IEEE Standard 1149.1-1990 EXTEST instruction. The BSR is selected in the 
scan path. Data appearing at the device input and I/O pins is captured in the associated BSCs. Data that has 
been scanned into the input BSCs is applied to the inputs of the normal on-chip logic, while data scanned into 
the I/O BSCs for pins in the output mode is applied to the device I/O pins. Data present at the device I/O pins 
is passed through the I/O BSCs to the normal on-chip logic. For I/O pins, the operation of a pin as input or output 
is determined by the contents of the output-enable BSCs (bits 43-40 of the BSR). When a given output enable 
is active (logic 1), the associated I/O pins operate in the output mode. Otherwise, the I/O pins operate in the 
input mode. The device operates in the test mode. 

identification read 

This instruction conforms to the IEEE Standard 1149.1-1990 IDCODE instruction. The IDR is selected in the 
scan path. The device operates in the normal mode. 

sample boundary 

This instruction conforms to the IEEE Standard 1149.1-1990 SAMPLE/PRELOAD instruction. The BSR is 
selected in the scan path. Data appearing at the device input pins and I/O pins in the input mode is captured 
in the associated BSCs, while data appearing at the outputs of the normal on-chip logic is captured in the BSCs 
associated with I/O pins in the output mode. The device operates in the normal mode. 
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bypass scan 

This instruction conforms to the IEEE Standard 1149.1-1990 BYPASS instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. The device 
operates in the normal mode. 

control boundary to high impedance 

This instruction conforms to the IEEE Standard 11 49.1 a-1 993 HIGHZ instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. The device 
operates in a modified test mode in which all device I/O pins are placed in the high-impedance state, the device 
input pins remain operational, and the normal on-chip logic function is performed. 

control boundary to 1/0 

This instruction conforms to the JEEE Standard 1149.1a-1993 CLAMP instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. Data in the input 
BSCs is applied to the inputs of the normal on-chip logic, while data in the I/O BSCs for pins in the output mode 
is applied to the device I/O pins. The device operates in the test mode. 

boundary-run test 

The bypass register is selected in the scan path. A logic 0 value is captured in the bypass register during 
Capture-DR. The device operates in the test mode. The test operation specified in the BCR is executed during 
Run-Test/ldle. The five test operations decoded by the BCR are: sample inputs/toggle outputs (TOPSIP), 
PRPG, PSA, simultaneous PSA and PRPG (PSA/PRPG), and simultaneous PSA and binary count up 
(PSA/COUNT). 

boundary read 

The BSR is selected in the scan path. The value in the BSR remains unchanged during Capture-DR. This 
instruction is useful for inspecting data after a PSA operation. 

boundary self test 

The BSR is selected in the scan path. All BSCs capture the inverse of their current values during Capture-DR. 
In this way, the contents of the shadow latches can be read out to verify the integrity of both shift-register and 
shadow-latch elements of the BSR. The device operates in the normal mode. 

boundary toggle outputs 

The bypass register is selected in the scan path. A logic 0 value is captured in the bypass register during 
Capture-DR. Data in the shift-register elements of the selected output-mode BSCs is toggled on each rising 
edge of TCK in Run-Test/Idle, updated in the shadow latches, and applied to the associated device I/O pins on 
each falling edge of TCK in Run-Test/ldle. Data in the input-mode BSCs remains constant. Data appearing at 
the device input or I/O pins is not captured in the input-mode BSCs. The device operates in the test mode. 

boundary-control-register scan 

The BCR is selected in the scan path. The value in the BCR remains unchanged during Capture-DR. This 
operation must be performed before a boundary-run test operation to specify which test operation is to be 
executed. 
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boundary-control-register opcode description 

The BCR opcodes are decoded from BCR bits 2-0 as shown in Table 4. The selected test operation is performed 
while the RUNT instruction is executed in the Run-Test/ldle state. The following descriptions detail the operation 
of each BCR instruction and illustrate the associated PSA and PRPG algorithms. 



Table 4. Boundary-Control Register Opcodes 



BINARY CODE 
BIT 2 -> BIT 0 
MSB -> LSB 


DESCRIPTION 


XOO 


Sample inputs/toggle outputs (TOPSIP) 


X01 


Pseudo-random pattern generation/36-bit mode (PRPG) 


X10 


Parallel-signature analysis/36-bit mode (PSA) 


011 


Simultaneous PSA and PRPG/18-bit mode (PSA/PRPG) 


111 


Simultaneous PSA and binary count up/1 8-bit mode (PSA/COUNT) 



While the control input BSCs (bits 43-36) are not included in the toggle, PSA, PRPG, or COUNT algorithms, 
the output-enable BSCs (bits 43-40 of the BSR) control the drive state (active or high impedance) of the selected 
device output pins. These BCR instructions are valid only when both bytes of the device are operating in one 
direction of data flow (i.e., 10EA* 10EB and 20EA* 20EB) and in the same direction of data flow 
(i.e.,10EA = 20EA and 10EB = 20EB). Otherwise, the bypass instruction is operated. 

sample inputs/toggle outputs (TOPSIP) 

Data appearing at the selected device input-mode I/O pins is captured in the shift-register elements of the 
associated BSCs on each rising edge of TCK. Data in the shift-register elements of the selected output-mode 
BSCs is toggled on each rising edge of TCK, updated in the shadow latches, and applied to the associated 
device I/O pins on each falling edge of TCK. 
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pseudo-random pattern generation (PRPG) 

A pseudo-random pattern is generated in the shift-register elements of the selected BSCs on each rising edge 
of TCK, updated in the shadow latches, and applied to the associated device output-mode I/O pins on each 
falling edge of TCK. Figures 5 and 6 illustrate the 36-bit linear-feedback shift-register algorithms through which 
the patterns are generated. An initial seed value should be scanned into the BSR before performing this 
operation. A seed value of all zeroes does not produce additional patterns. 

2A9-I/0 2A8-I/0 2A7-I/0 2A6-I/0 2A5-I/0 2A4-I/0 2A3-I/0 2A2-I/0 2A1-I/0 



1A9-I/0 1A8-I/0 1A7-I/0 1A6-I/0 1A5-I/0 1A4-I/0 1A3-I/0 1A2-I/0 1A1-I/0 



2B9-I/0 2B8-I/0 2B7-I/0 2B6-I/0 2B5-I/0 2B4-I/0 2B3-I/0 2B2-I/0 2B1-I/0 



1B9-I/0 1B8-I/0 1B7-I/0 1B6-I/0 1B5-I/0 1B4-I/0 1B3-I/0 1B2-I/0 1B1-I/0 

Figure 5. 36-Bit PRPG Configuration (10EA = 20EA = 0, 10EB = 20EB = 1) 
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pseudo-random pattern generation (PRPG) (continued) 

2B9-I/0 2B8-I/0 2B7-I/0 2B6-I/0 2B5-I/0 2B4-I/0 2B3-I/0 2B2-I/0 2B1-I/0 



1B9-I/0 1B8-I/0 1B7-I/0 1B6-I/0 1B5-I/0 1B4-I/0 1B3-I/0 1B2-I/0 1B1-I/0 



2A9-I/0 2A8-I/0 2A7-I/0 2A6-I/0 2A5-I/0 2A4-I/0 2A3-1/0 2A2-1/0 2A1-I/0 



©■i> 



1A9-I/0 1A8-I/0 1A7-I/0 1A6-I/0 1A5-1/0 1A4-I/0 1A3-I/0 1A2-I/0 1A1-I/0 

Figure 6. 36-Bit PRPG Configuration (10EA = 20EA = 1, 10EB = 20EB = 0) 
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parallel-signature analysis (PSA) 

Data appearing at the selected device input-mode I/O pins is compressed into a 36-bit parallel signature in the 
shift-register elements of the selected BSCs on each rising edge of TCK. Data in the shadow latches of the 
selected output-mode BSCs remains constant and is applied to the associated device I/O pins. Figures 7 and 8 
illustrate the 36-bit linear-feedback shift-register algorithms through which the signature is generated. An initial 
seed value should be scanned into the BSR before performing this operation. 

2A9-I/0 2A8-I/0 2A7-I/0 2A6-I/0 2A5-I/0 2A4-I/0 2A3-I/0 2A2-I/0 2A1-I/0 




©^ 



1A9-I/0 1A8-I/0 1A7-I/0 1A6-I/0 1A5-I/0 1A4-I/0 1A3-I/0 1A2-I/0 1A1-I/0 



.©_© 



„©_©_©_©_©_©_© 



@- 



2B9-I/0 2B8-I/0 2B7-I/0 2B6-I/0 2B5-I/0 2B4-I/0 2B3-I/0 2B2-I/0 2B1-I/0 



© 



n 



©*x> 



1B9-I/0 1B8-I/0 1B7-I/0 1B6-I/0 1B5-I/0 1B4-I/0 1B3-I/0 1B2-I/0 1B1-I/0 

Figure 7. 36-Bit PSA Configuration (10EA = 20EA = 0, 10EB = 20EB = 1) 
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parallel-signature analysis (PSA) (continued) 



© 



2B9-I/0 2B8-I/0 2B7-I/0 2B6-I/0 2B5-I/0 2B4-I/0 2B3-I/0 2B2-I/0 2B1-I/0 

L 1 1 1 1 1 1 1 J 



,©_©_©_©_©__©_©_©_© 



1B9-I/0 1B8-I/0 1B7-I/0 1B6-I/0 1B5-I/0 1B4-I/0 1B3-I/0 1B2-I/0 1B1-I/0 

1 1 1 1 1 1 i 1 J 



© 



© 



~© 



© 



,©_©_»© 



© 



.© 



©- 



2A9-I/0 2A8-I/0 2A7-I/0 2A6-I/0 2A5-1/0 2A4-I/0 2A3-I/0 2A2-I/0 2A 1-1/0 



©■!> 



1A9-I/0 1A8-I/0 1A7-I/0 1A6-I/0 1A5-I/0 1A4-I/0 1A3-I/0 1A2-I/0 1A1-I/0 

Figure 8. 36-Bit PSA Configuration (10EA = 20EA = 1, 10EB = 20EB = 0) 
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simultaneous PSA and PRPG (PSA/PRPG) 

Data appearing at the selected device input-mode I/O pins is compressed into an 18-bit parallel signature in 
the shift-register elements of the selected input-mode BSCs on each rising edge of TCK. At the same time, an 
1 8-bit pseudo-random pattern is generated in the shift-register elements of the selected output-mode BSCs on 
each rising edge of TCK, updated in the shadow latches, and applied to the associated device I/O pins on each 
falling edge of TCK. Figures 9 and 1 0 illustrate the 1 8-bit linear-feedback shift-register algorithms through which 
the signature and patterns are generated. An initial seed value should be scanned into the BSR before 
performing this operation. A seed value of all zeroes does not produce additional patterns. 

2A9-I/0 2A8-I/0 2A7-I/0 2A6-I/0 2A5-I/0 2A4-I/0 2A3-I/0 2A2-I/0 2A1-I/0 



1 1 1 i i 




1A9-I/0 1A8-I/0 1A7-I/0 1A6-I/0 1A5-I/0 1A4-I/0 1A3-I/0 1A2-I/0 1A1-I/0 



© 



>©_©_>© 



© 



,©_© 



© 



.©—I 



2B9-I/0 2B8-I/0 2B7-I/0 2B6-I/0 2B5-I/0 2B4-I/0 2B3-I/0. 



©* 



2B2-I/0 2B1-I/0 



T 



T 



T 



T 



T 



T 



T 



T 



T 



© = ^ 1B9-I/0 1B8-I/0 1B7-I/0 1B6-I/0 1B5-I/0 1B4-I/0 1B3-I/0 1B2-I/0 1B1-I/0 

Figure 9. 18-Bit PSA/PRPG Configuration (10EA = 20EA = 0, 10EB = 20EB = 1) 
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simultaneous PSA and PRPG (PSA/PRPG) (continued) 

2B9-I/0 2B8-I/0 2B7-I/0 2B6-I/0 2B5-I/0 2B4-I/0 2B3-I/0 2B2-I/0 2B1-I/0 



' ' ' " ' ' ' M 



.©_© 



© 



.©_©_©_© 



© 



1B9-I/0 1B8-I/0 1B7-I/0 1B6-I/0 1B5-I/0 1B4-I/0 1B3-I/0 1B2-I/0 1B1-I/0 

1 1 1 1 1 1 1 1 j 



.© 



© 



© 



»©_.©_♦©_,©— ♦©—♦©J 



JL 
© 



2A9-I/0 2A8-I/0 2A7-I/0 2A6-I/0 2A5-I/0 2A4-I/0 2A3-I/Q 



2A2-I/0 2A1-I/0 



©- 



T 



T 



T 



T 



T 



T 



T 



T 



T 



® = 3 1A9-I/0 1A8-I/0 1A7-I/0 1A6-I/0 1A5-1/0 1A4-I/0 1A3-I/0 1A2-I/0 1A1-I/0 

Figure 10. 18-Bit PSA/PRPG Configuration (10EA = 20EA = 1, 10EB = 20EB = 0) 



^? Texas 
Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 



4-21 



SN54ABT18245A, SN74ABT18245A 

SCAN TEST DEVICES 

WITH 18-BIT BUS TRANSCEIVERS 

SCBS1 1 0G - AUGUST 1 992 - REVISED DECEMBER 1 996 



simultaneous PSA and binary count up (PSA/COUNT) 

Data appearing at the selected device input-mode I/O pins is compressed into an 1 8-bit parallel signature in 
the shift-register elements of the selected input-mode BSCs on each rising edge of TCK. At the same time, an 
1 8-bit binary count-up pattern is generated in the shift-register elements of the selected output-mode BSCs on 
each rising edge of TCK, updated in the shadow latches, and applied to the associated device I/O pins on each 
falling edge of TCK. Figures 11 and 12 illustrate the 18-bit linear-feedback shift-register algorithms through 
which the signature is generated. An initial seed value should be scanned into the BSR before performing this 
operation. 

2A9-I/0 2A8-I/0 2A7-I/0 2A6-I/0 2A5-I/0 2A4-I/0 2A3-I/0 2A2-I/0 2A1-I/0 



.© 



© 



© 



© 



© 



© 



© 



© 



©«- 



© 



1A9-I/0 1A8-I/0 1A7-I/0 1A6-I/0 1A5-I/0 1A4-I/0 1A3-I/0 1A2-I/0 1A1-I/0 




MSB 



© 



gggggggg 

2B9-I/0 2B8-I/0 2B7-I/0 2B6-I/0 2B5-I/0 2B4-I/0 2B3-I/0 2B2-I/0 2B1-I/0 

h ggggggggg 

Q£) = Jl J- 1B9-I/0 1B8-I/0 1B7-I/0 1B5-I/0 1B5-I/0 1B4-I/0 1B3-I/0 1B2-I/0 1B1-I/0 

Figure 11. 18-Bit PSA/COUNT Configuration (10EA = 20EA = 0, 10EB = 20EB = 1) 
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simultaneous PSA and binary count up (PSA/COUNT) (continued) 

2B9-I/0 2B8-I/0 2B7-I/0 2B6-I/0 2B5-I/0 2B4-I/0 2B3-I/0 2B2-I/0 2B1-I/0 



.© 



© 



© 



© 



,©_©_© 



0-h 



© 



© 



1B9-I/0 1B8-I/0 1B7-I/0 1B6-I/0 1B5-I/0 1B4-I/0 1B3-I/0 1B2-I/0 1B1-I/0 



© 



© 



.©_©_© 



© 



© 



,©_© 



MSB 



ggggggggg 

2A9-I/0 2A8-I/0 2A7-I/0 2A6-I/0 2A5-I/0 2A4-I/0 2A3-I/0 2A2-I/0 2A1-I/0 



© 



©H - 



LSB 



T 



OT> . gggggggg 

(j) = 1A9-I/0 1A8-I/0 1A7-I/0 1A6-I/0 1A5-I/0 1A4-I/0 1A3-I/0 1A2-I/0 1A1-I/0 

Figure 12. 18-Bit PSA/COUNT Configuration (10EA = 20EA = 1, 10EB = 20EB = 0) 
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timing description 

All test operations of the 'ABT18245A are synchronous to TCK. Data on the TDI, TMS, and normal-function 
inputs is captured on the rising edge of TCK. Data appears on the TDO and normal-function output pins on the 
falling edge of TCK. The TAP controller is advanced through its states (as shown in Figure 1) by changing the 
value of TMS on the falling edge of TCK and then applying a rising edge to TCK. 

A simple timing example is shown in Figure 13. In this example, the TAP controller begins in the 
Test-Logic-Reset state and is advanced through its states as necessary to perform one instruction-register scan 
and one data-register scan. While in the Shift-IR and Shift-DR states, TDI is used to input serial data and TDO 
is used to output serial data. The TAP controller is then returned to the Test-Logic-Reset state. Table 5 details 
the operation of the test circuitry during each TCK cycle. 



Table 5. Explanation of Timing Example 



TCK 
CYCLE(S) 


TAP STATE 
AFTER TCK 


DESCRIPTION 


•) 


I'D 

T6S t~ LOC) I C- R 6 S 6 1 


TMS is changed to a logic 0 value on the falling edge of TCK to begin advancing the TAP controller toward 
the desired state. 


2 


Run-Test/Idle 




3 


Select-DR-Scan 




4 


Se!ect-IR-Scan 




5 


Capture-IR 


The IR captures the 8-bit binary value 1 0000001 on the rising edge of TCK as the TAP controller exits the 
Capture-IR state. 


6 


Shift-IR 


TDO becomes active and TDI is made valid on the falling edge of TCK. The first bit is shifted into the TAP 
on the rising edge of TCK as the TAP controller advances to the next state. 


7-13 


Shift-IR 


One bit is shifted into the IR on each TCK rising edge. With TDI held at a logic 1 value, the 8-bit binary value 
1 1 1 1 1 1 1 1 is serially scanned into the I R. At the same time, the 8-bit binary value 1 0000001 is serially scanned 
out of the IR via TDO. In TCK cycle 13, TMS is changed to a logic 1 value to end the IR scan on the next 
TCK cycle. The last bit of the instruction is shifted as the TAP controller advances from Shift-IR to Exit1-IR. 


14 


Exitl-IR 


TDO becomes inactive (goes to the high-impedance state) on the falling edge of TCK. 


15 


Update-IR 


The IR is updated with the new instruction (BYPASS) on the falling edge of TCK. 


16 


Select-DR-Scan 




17 


Capture-DR 


The bypass register captures a logic 0 value on the rising edge of TCK as the TAP controller exits the 
Capture-DR state. 


18 


Shift-DR 


TDO becomes active and TDI is made valid on the falling edge of TCK. The first bit is shifted into the TAP 
on the rising edge of TCK as the TAP controller advances to the next state. 


19-20 


Shift-DR 


The binary value 101 is shifted in via TDI, while the binary value 010 is shifted out via TDO. 


21 


Exit1-DR 


TDO becomes inactive (goes to the high-impedance state) on the falling edge of TCK. 


22 


Update-DR 


The selected data register is updated with the new data on the falling edge of TCK. 


23 


Select-DR-Scan 




24 


Select-IR-Scan 




25 


Test-Logic-Reset 


Test operation completed 
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 

«* jxjrruijxrijmr^^ 

« ~~u — i i 1 i 



TDI 



TDO 



i_r 

J~L 



TAP 
Controller 
State 



l-Scan 


l-Scan 


-Reset 


o 




o 
f 


o 

ID 


O 

o 




Sel 


Se 


Test- 



3-State (TDO) or Don't Care (TDI) 
Figure 13. Timing Example 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, Vrjc -0-5 V to 7 V 

Input voltage range, V| (except I/O ports) (see Note 1) -0.5 V to 7 V 

Input voltage range, V| (I/O ports) (see Note 1) -0.5 V to 5.5 V 

Voltage range applied to any output in the high state or power-off state, Vq -0.5 V to 5.5 V 

Current into any output in the low state, Iq: SN54ABT1 8245A 96 mA 

SN74ABT18245A 128mA 

Input clamp current, l||< (V| < 0) -1 8 mA 

Output clamp current, Iqk (Vrj < 0) -50 mA 

Continuous current through Vrjc 57 6 mA 

Continuous current through GND 1 1 52 mA 

Maximum power dissipation at Ta = 55°C (in still air) (see Note 2): DGG package 1 W 

DL package 1.4 W 

Storage temperature range, T s t g -65°C to 1 50°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 
NOTES: 1 . The input and output negative-voltage ratings can be exceeded if the input and output clamp-current ratings are observed. 

2. The maximum package power dissipation is calculated using a junction temperature of 150°C and a board trace length of 750 mils. 
For more information, refer to the Package Thermal Considerations application note in the ABT Advanced BiCMOS Technology Data 
Book, literature number SCBD002. 
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recommended operating conditions (see Note 3) 







SN54ABT18245A 


SN74ABT18245A 


UNIT 






MIN 


MAX 


MIN 


MAX 


vcc 


Supply voltage 


4.5 


5.5 


4.5 


5.5 


V 


V|H 


High-level input voltage 


2 


2 


V 


V|L 


Low-level input voltage 


0.8 


0.8 


V 


V| 


Input voltage 


0 


vcc 


0 


vcc 


V 


'OH 


High-level output current 


-24 


-32 


mA 


lOL 


Low-level output current 


48 


64 


mA 


At/Av 


Input transition rise or fall rate 


10 


10 


ns/V 


T A 


Operating free-air temperature 


-55 


125 


-40 


85 


°C 



NOTE 3: Unused pins (input or I/O) must be held high or low to prevent them from floating. 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


T/^ = 25°C 






UNIT 


MIM TVDt MAY 
IVliro 1 irl [YIHA 


MIM MAY 


MIM MAY 
nrlin IvIMA 


V|K 


Vcc = 4.5V, l|=-18mA 


-1.2 


-1.2 


-1.2 


V 


v OH 


Vcc = 4.5 V, Ioh = -3 mA 


2.5 


2.5 


2.5 


v 


V C C = 5V, l 0 H=-3mA 


3 


3 


3 


Vcc = 4.5 V, Ioh = -24 mA 


2 


2 




Vcc = 4.5 V, Iqh = -32 mA 


2* 




2 


vol 


V C C = 4.5 V 


lOL = 48 mA 


0.55 


0.55 




V 


'OL = 64 mA 


0.55* 




0.55 


h 


V C C - 5-5 V, 
V| = VccorGND 


DIR, OE, TCK 


±1 


±1 


+1 


uA 


A or B ports 


±100 


±100 


±100 


l|H 


Vcc = 5.5 V, 
V| = V CC 


TDI.TMS 


10 


10 


10 


uA 


l|L 


V C C = 5.5 V, 
V| = GND 


TDI.TMS 


-40 -150 


-40 -150 


-40 -150 


uA 


lOZH* 


Vcc = 5.5 V, Vo = 2.7 V 


50 


50 


50 


uA 


lOZL* 


Vcc = 5.5 V, Vq = 0.5 V 


-50 


-50 


-50 


uA 


'ozpu 


Vcc = 0 to 2 V, 
Vo = 2.7 V or 0.5 V 


OE = 0.8 V 


+50 


+50 


+50 


ii A 


'OZPD 


Vcc = 2Vto 0, 
Vq = 2.7 V or 0.5 V 


OE = 0.8 V 


±50 


±50 


±50 


uA 


'off 


Vcc = 0, V|orVo^4.5V 


±100 


±450 


±100 


uA 


'CEX 


Vcc = 5.5 V, 
Vq = 5.5 V 


Outputs high 


50 


50 


50 


U.A 


io§ 


Vcc = 5.5 V, Vq = 2.5 V 


-50 -110 -200 


-50 -200 


-50 -200 


mA 


'cc 


V C C = 5.5 V, 

io = o. 

V| = Vcc ° r G ND 


A or 
B 

ports 


Outputs high 


3.5 5 


5 


5 


mA 


Outputs low 


33 38 


38 


38 


Outputs disabled 


2.9 4.5 


4.5 


4.5 


Alec 11 


Vcc = 5.5 V, One input at 3.4 V, 
Other inputs at Vcc or GND 


50 


50 


50 


HA 


Cj 


V| = 2.5 V or 0.5 V 


Control inputs 


3 


9.8 




PF 


Cj 0 


Vo = 2.5 V or 0.5 V 


A or B ports 


10 


12.6 




PF 


Co 


Vq = 2.5 V or 0.5 V 


TDO 


8 


11.4 




PF 



* On products compliant to MIL-PRF-38535, this parameter does not apply, 
t All typical values are at Vcc = 5 V. 

*The parameters loZH and 'OZL include the input leakage current. 

§ Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 
H This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (test mode) (see Figure 14) 





SN54ABT18245A 


SN74ABT18245A 


UNIT 


MIN MAX 


MIN MAX 


'clock Clock frequency 


TCK 


0 50 


0 50 


MHz 


t w Pulse duration 


TCK high or low 


8.1 


8.1 


ns 


t su Setup time 


A, B, DIR, or OE before TCK? 


9.5 


7 


ns 


TDI before TCKt 


4.5 


4.5 


TMS before TCKt 


3.6 


3.6 


th Hold time 


A, B, DIR, or OE after TCKt 


0.7 


0 


ns 


TDI after TCKt 


0 


0 


TMS after TCKT 


0.5 


0.5 


td Delay time 


Power up to TCKt 


50* 


50 


ns 


t r Rise time 


Vcc power up 


1* 


1 


US 



* On products compliant to MIL-PRF-38535, these parameters are not production tested. 



switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (normal mode) (see Figure 14) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


Vcc = 5V, 
Ta = 25°C 


SN54ABT18245A 


SN74ABT18245A 


UNIT 




MIN 


TYP 


MAX 


MIN 


MAX 


MIN 


MAX 




tPLH 


AorB 


Bor A 


1.5 


2.8 


4.1 


1.5 


5.1 


1.5 


4.8 


ns 


tPHL 


1.5 


3.1 


4.6 


1.5 


5.8 


1.5 


5.4 


tpZH 


OE 


BorA 


2 


4.7 


5.8 


2 


8.1 


2 


7.5 


ns 


tpZL 


2 


4.5 


6.2 


2 


8.5 


2 


8 


tPHZ 


OE 


Bor A 


2.5 


5.8 


6.8 


2.5 


9.5 


2.5 


8.5 


ns 


*PLZ 


2.5 


4.8 


6 


2.5 


8.5 


2.5 


7.5 


switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (test mode) (see Figure 14) 


PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V C C = 5 V, 
Ta = 25°C 


SN54ABT18245A 


SN74ABT18245A 


UNIT 




MIN 


TYP 


MAX 


MIN 


MAX 


MIN 


MAX 




'max 


TCK4. 




50 


90 




50 


50 


MHz 


'PLH 


TCK-i 


AorB 


3 


7.1 


10.1 


3 


14 


3 


13.1 


ns 


tPHL 


3 


7 


10.1 


2.8 


13.8 


3 


12.8 


tPLH 


TCKi. 


TDO 


2 


3.4 


5 


2 


6.4 


2 


6.1 


ns 


'PHL 


2 


3.9 


5.6 


2 


7 


2 


6.5 


IPZH 


TCKi 


AorB 


4 


7.5 


10.6 


4 


14.1 


4 


13.4 


ns 


'PZL 


4 


7.6 


10.5 


4 


14.3 


4 


13.6 


'PZH 


TCK4- 


TDO 


2 


3.8 


5.5 


2 


7 


2 


6.6 


ns 


'PZL 


2.5 


4 


5.7 


2.3 


7.3 


2.5 


6.9 


'PHZ 


TCKi 


AorB 


3.5 


7.7 


10.8 


2.9 


14.4 


3.5 


13.6 


ns 


tPLZ 


2.5 


7.1 


10.1 


2.5 


13.8 


2.5 


12.7 


'PHZ 


TCK4. 


TDO 


2 


3.9 


5.7 


2 


7.5 


2 


7.2 


ns 


'PLZ 


1.5 


3.5 


5.4 


1.5 


6.7 


1.5 


6.3 
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From Output q. 

Under Test 

Cl = 50 pF ^ 
(see Note A) 



PARAMETER MEASUREMENT INFORMATION 

_ 7V 



500 Cl 
■AW- 



500 Q 



O Open 
9 GND 



TEST 


S1 


tPLH'tPHL 
tPLZ'tpZL 
tPHZ'tPZH 


Open 
7V 
Open 



Input 




1.5V: 



LOAD CIRCUIT 



VOLTAGE WAVEFORMS 
PULSE DURATION 



3V 



0V 



Timing Input 



Data Input 



isu 1 



th 



) <i.5v y TsT 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



3V 
0V 



3V 
0V 



Input 



Output 



Output 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output 
Control 



Output 
Waveform 1 
S1 at7V 
(see Note B) 

Output 
Waveform 2 
S1 at Open 
(see Note B) 



tpZL 



tPLZ -*j j«- 



\l.5V Y 



3V 
0V 

3.5 V 



tpZH~*| 



| tpHZ "H 'f- 



' - 3V w 

vql 



VQH-0.3V V ° H 



0V 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. Cl includes probe and jig capacitance. 

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

C. All input pulses are supplied by generators having the following characteristics: PRR < 10 MHz, Zq = 50 £2, t r < 2.5 ns, tf < 2.5 ns. 

D. The outputs are measured one at a time with one transition per measurement. 



Figure 14. Load Circuit and Voltage Waveforms 
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Members of the Texas Instruments 
SCOPE™ Family of Testability Products 
Members of the Texas Instruments 
Widebus™ Family 

Compatible With the IEEE Standard 
1149.1-1990 (JTAG) Test Access Port and 
Boundary-Scan Architecture 

SCOPE™ Instruction Set 

- IEEE Standard 1149.1-1990 Required 
Instructions and Optional CLAMP and 
HIGHZ 

- Parallel-Signature Analysis at Inputs 

- Pseudo-Random Pattern Generation 
From Outputs 

- Sample Inputs/Toggle Outputs 

- Binary Count From Outputs 

- Device Identification 

- Even-Parity Opcodes 

State-of-the-Art EPIC-JIB™ BiCMOS Design 
Significantly Reduces Power Dissipation 

Packaged in Plastic Shrink Small-Outline 
(DL) and Thin Shrink Small-Outline (DGG) 
Packages and 380-mll Fine-Pitch Ceramic 
Flat (WD) Packages 



description 



SN54ABT18640 ... WD PACKAGE 
SN74ABT18640 . . . DGG OR DL PACKAGE 
(TOP VIEW) 



1DIR[ 


1 


o — 

^56 


] 10E 


1B1[ 


2 


55 


] 1A1 


1B2[ 


3 


54 


j 1A2 


gnd[ 


4 


53 


]GND 


1B3[ 


5 


52 


] 1A3 


1B4[ 


6 


51 


] 1A4 


v C ct 


7 


50 


]v cc 


1B5[ 


8 


49 


] 1A5 


1B6[ 


9 


48 


] 1A6 


1B7[ 


10 


47 


] 1A7 


gnd[ 


11 


46 


]GND 


1B8[ 


12 


45 


] 1A8 


1B9[ 


13 


44 


] 1A9 


2B1[ 


14 


43 


]2A1 


2B2[ 


15 


42 


]2A2 


2B3[ 


16 


41 


]2A3 


2B4[ 


17 


40 


]2A4 


gnd[ 


18 


39 


]GND 


2B5[ 


19 


38 


]2A5 


2B6[ 


20 


37 


]2A6 


2B7[ 


21 


36 


]2A7 


v cc [ 


22 


35 


]v cc 


2B8[ 


23 


34 


]2A8 


2B9[ 


24 


33 


]2A9 


gnd[ 


25 


32 


]GND 


2DIR[ 


26 


31 


]20E 


TDO[ 


27 


30 


]TDI 


TMS[ 


28 


29 


]tck 



The 'ABT18640 scan test devices with 18-bit 
inverting bus transceivers are members of the 
Texas Instruments SCOPE™ testability 
integrated-circuit family. This family of devices 
supports IEEE Standard 1149.1-1990 boundary 
scan to facilitate testing of complex circuit-board 
assemblies. Scan access to the test circuitry is 
accomplished via the 4-wire test access port 
(TAP) interface. 

In the normal mode, these devices are 18-bit inverting bus transceivers. They can be used either as two 9-bit 
transceivers or one 1 8-bit transceiver. The test circuitry can be activated by the TAP to take snapshot samples 
of the data appearing at the device pins or to perform a self test on the boundary-test cells. Activating the TAP 
in the normal mode does not affect the functional operation of the SCOPE™ bus transceivers. 

Data flow is controlled by the direction-control (DIR) and output-enable (OE) inputs. Data transmission is 
allowed from the A bus to the B bus or from the B bus to the A bus, depending on the logic level at DIR. OE can 
be used to disable the device so that the buses are effectively isolated. 

In the test mode, the normal operation of the SCOPE™ bus transceivers is inhibited and the test circuitry is 
enabled to observe and control the I/O boundary of the device. When enabled, the test circuitry can perform 
boundary-scan test operations according to the protocol described in IEEE Standard 1149.1-1990. 



SCOPE, Widebus, and EPIC-IIB are trademarks of Texas Instruments Incorporated. 



UNLESS OTHERWISE NOTED this document contains PRODUCTION 
DATA Information current as ot publication date. Products conform to 
specification! per the terms ol Texas Instruments standard warranty. 
Production processing does not necessarily Include testing ol all 
parameters. 
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description (continued) 

Four dedicated test pins observe and control the operation of the test circuitry: test data input (TDI), test data 
output (TDO), test mode select (TMS), and test clock (TCK). Additionally, the test circuitry performs other testing 
functions such as parallel-signature analysis (PSA) on data inputs and pseudo-random pattern generation 
(PRPG) from data outputs. All testing and scan operations are synchronized to the TAP interface. 

The SN74ABT1 8640 is available in Tl's shrink small-outline (DL) and thin shrink small-outline (DGG) packages, 
which provide twice the I/O pin count and functionality of standard small-outline packages in the same 
printed-circuit-board area. 

The SN54ABT1 8640 is characterized for operation over the full military temperature range of -55°C to 1 25°C. 
The SN74ABT18640 is characterized for operation from -40°C to 85°C. 



FUNCTION TABLE 
(normal mode, each 9-blt section) 



INPUTS 


OPERATION 


OE DIR 


L L 
L H 
H X 


B data to A bus 
A data to B bus 
Isolation 
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functional block diagram 



1DIR 



— 56 
10E — 



1A1 



2DIR 



20E 



2A1 



55 



26 



31 



43 



TDI 



TMS 



TCK 



Boundary-Scan Register 



no 




One of Nine Channels 



Q 




One of Nine Channels 




1B1 



14 



2B1 




TDO 



Texas 
Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 



4-33 



SN54ABT18640, SN74ABT18640 
SCAN TEST DEVICES 

WITH 18-BIT INVERTING BUS TRANSCEIVERS 



SCBS267C - FEBRUARY 1994 - REVISED JULY 1 996 



Terminal Functions 


TERMINAL 
NAME 


DESCRIPTION 


1A1-1A9, 
2A1-2A9 


Normal-function A-bus I/O ports. See function table for normal-mode logic. 


1B1-1B9, 
2B1-2B9 


Normal-function B-bus I/O ports. See function table for normal-mode logic. 


1DIR, 2DIR 


Normal-function direction controls. See function table for normal-mode logic. 


GND 


Ground 


10E.20E 


Normal-function output enables. See function table for normal-mode logic. 


TCK 


Test clock. One of four terminals required by IEEE Standard 1149.1-1990. Test operations of the device are synchronous to 
TCK. Data is captured on the rising edge of TCK and outputs change on the falling edge of TCK. 


TDI 


Test data input. One of four terminals required by I EEE Standard 1 1 49. 1 -1 990. TDI is the serial input for shifting data through 
the instruction register or selected data register. An internal pullup forces TDI to a high level if left unconnected. 


TDO 


Test data output. One of four terminals required by IEEE Standard 1149.1-1990. TDO is the serial output for shifting data 
through the instruction register or selected data register. 


TMS 


Test mode select. One of four terminals required by IEEE Standard 1149.1-1990. TMS directs the device through its TAP 
controller states. An internal pullup forces TMS to a high level if left unconnected. 


vcc 


Supply voltage 
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test architecture 

Serial-test information is conveyed by means of a 4-wire test bus or TAP, that conforms to IEEE Standard 
1149.1-1990. Test instructions, test data, and test control signals all are passed along this serial-test bus. The 
TAP controller monitors two signals from the test bus, TCK and TMS. The TAP controller extracts the 
synchronization (TCK) and state control (TMS) signals from the test bus and generates the appropriate on-chip 
control signals for the test structures in the device. Figure 1 shows the TAP-controller state diagram. 

The TAP controller is fully synchronous to the TCK signal. Input data is captured on the rising edge of TCK and 
output data changes on the falling edge of TCK. This scheme ensures data to be captured is valid for fully 
one-half of the TCK cycle. 

The functional block diagram shows the IEEE Standard 1149.1-1990 4-wire test bus and boundary-scan 
architecture and the relationship among the test bus, the TAP controller, and the test registers. As shown, the 
device contains an 8-bit instruction register and four test-data registers: a 44-bit boundary-scan register, a 3-bit 
boundary-control register, a 1 -bit bypass register, and a 32-bit device-identification register. 



TMS = H 



TMS = L 




Test-Logic-Reset 



> 



TMS = L 



Run-Test/Idle 
1 



> 



TMS = H 



< 



Select-DR-Scan 



> 



TMS = H 



< 



Select-IR-Scan 



TMS = L 



Capture-DR 




> 



TMS = H TMS = H 



TMS = L 



Shlft-DR 



> 



TMS = H 



Exlt1-DR 




> 



TMS = L 



Pause-DR 



> 



TMS = H 



Exlt2-DR 



y 



TMS = L 



< 



> 



TMS = H 



TMS = L 



Capture-IR 



TMS = L 



< 



Shift-IR 



< 



TMS = H 




TMS = H 



ExitMR 



< 



TMS = L 



Pause-IR 



TMS = L 



< 



TMS = H 




Exit2-IR 



TMS = H 



Update-DR 



TMS = H 



> 



< 



TMS = H 
Update-IR >4- 



TMS = L 



TMS = H 



TMS = L 



Figure 1. TAP-Controller State Diagram 
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state diagram description 

The TAP controller is a synchronous finite state machine that provides test control signals throughout the device. 
The state diagram shown in Figure 1 is in accordance with IEEE Standard 1149.1-1990. The TAP controller 
proceeds through its states based on the level of TMS at the rising edge of TCK. 

As shown, the TAP controller consists of 1 6 states. There are six stable states (indicated by a looping arrow in 
the state diagram) and ten unstable states. A stable state is a state the TAP controller can retain for consecutive 
TCK cycles. Any state that does not meet this criterion is an unstable state. 

There are two main paths through the state diagram: one to access and control the selected data register and 
one to access and control the instruction register. Only one register can be accessed at a time. 

Test-Logic-Reset 

The device powers up in the Test-Logic-Reset state. In the stable Test-Logic-Reset state, the test logic is reset 
and is disabled so that the normal logic function of the device is performed. The instruction register is reset to 
an opcode that selects the optional IDCODE instruction, if supported, or the BYPASS instruction. Certain data 
registers also can be reset to their power-up values. 

The state machine is constructed such that the TAP controller returns to the Test-Logic-Reset state in no more 
than five TCK cycles if TMS is left high. The TMS pin has an internal pullup resistor that forces it high if left 
unconnected or if a board defect causes it to be open circuited. 

For the 'ABT18640, the instruction register is reset to the binary value 10000001 , which selects the IDCODE 
instruction. Bits 43-44 in the boundary-scan register are reset to logic 0, ensuring that these cells which control 
the A-port and B-port outputs, are set to benign values (i.e., if test mode were invoked, the outputs would be 
at the high-impedance state). Reset values of other bits in the boundary-scan register should be considered 
indeterminate. The boundary-control register is reset to the binary value 010, which selects the PSA 
test operation. 

Run-Test/Idle 

The TAP controller must pass through the Run-Test/Idle state (from Test-Logic-Reset) before executing any test 
operations. The Run-Test/ldle state also can be entered following data-register or instruction-register scans. 
Run-Test/Idle is a stable state in which the test logic can be actively running a test or can be idle. The test 
operations selected by the boundary-control register are performed while the TAP controller is in the 
Run-Test/Idle state. 

Select-DR-Scan, Select-IR-Scan 

No specificfunction is performed in the Select-DR-Scan and Select-IR-Scan states, and the TAP controller exits 
either of these states on the next TCK cycle. These states allow the selection of either data-register scan or 
instruction-register scan. 

Capture-DR 

When a data-register scan is selected, the TAP controller must pass through the Capture-DR state. In the 
Capture-DR state, the selected data register captures a data value as specified by the current instruction. Such 
capture operations occur on the rising edge of TCK, upon which the TAP controller exits the Capture-DR state. 
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Shift-DR 

Upon entry to the Shift-DR state, the data register is placed in the scan path between TDI and TDO, and on the 
first falling edge of TCK, TDO goes from the high-impedance state to an active state. TDO is enabled to the logic 
level present in the least-significant bit of the selected data register. 

While in the stable Shift-DR state, data is serially shifted through the selected data register on each TCK cycle. 
The first shift occurs on the first rising edge of TCK after entry to the Shift-DR state (i.e., no shifting occurs during 
the TCK cycle in which the TAP controller changes from Capture-DR to Shift-DR or from Exit2-DR to Shift-DR). 
The last shift occurs on the rising edge of TCK, upon which the TAP controller exits the Shift-DR state. 

Exit1-DR, Exit2-DR 

The Exit1-DR and Exit2-DR states are temporary states that end a data-register scan. It is possible to return 
to the Shift-DR state from either Exit1-DR or Exit2-DR without recapturing the data register. On the first falling 
edge of TCK after entry to Exit1-DR, TDO goes from the active state to the high-impedance state. 

Pause-DR 

No specific function is performed in the stable Pause-DR state, in which the TAP controller can remain 
indefinitely. The Pause-DR state suspends and resumes data-register scan operations without loss of data. 

Update-DR 

If the current instruction calls for the selected data register to be updated with current data, such update occurs 
on the falling edge of TCK, following entry to the Update-DR state. 

Capture-IR 

When an instruction-register scan is selected, the TAP controller must pass through the Capture-IR state. In 
the Capture-IR state, the instruction register captures its current status value. This capture operation occurs 
on the rising edge of TCK, upon which the TAP controller exits the Capture-IR state. For the 'ABT1 8640, the 
status value loaded in the Capture-IR state is the fixed binary value 10000001 . 

Shift-IR 

Upon entry to the Shift-IR state, the instruction register is placed in the scan path between TDI and TDO, and 
on the first falling edge of TCK, TDO goes from the high-impedance state to an active state. TDO is enabled 
to the logic level present in the least-significant bit of the instruction register. 

While in the stable Shift-IR state, instruction data is serially shifted through the instruction register on each TCK 
cycle. The first shift occurs on the first rising edge of TCK after entry to the Shift-IR state (i.e., no shifting occurs 
during the TCK cycle in which the TAP controller changes from Capture-IR to Shift-IR or from Exit2-IR to 
Shift-IR). The last shift occurs on the rising edge of TCK, upon which the TAP controller exits the Shift-IR state. 

ExitMR, Exit2-IR 

The Exit1-IR and Exit2-IR states are temporary states that end an instruction-register scan. It is possible to 
return to the Shift-IR state from either Exit1-IR or Exit2-IR without recapturing the instruction register. On the 
first falling edge of TCK after entry to Exit1-IR, TDO goes from the active state to the high-impedance state. 

Pause-IR 

No specific function is performed in the stable Pause-IR state, in which the TAP controller can remain 
indefinitely. The Pause-IR state suspends and resumes instruction-register scan operations without loss 
of data. 

Update-IR 

The current instruction is updated and takes effect on the falling edge of TCK, following entry to the 
Update-IR state. 
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register overview 

With the exception of the bypass and device-identification registers, any test register can be thought of as a 
serial shift register with a shadow latch on each bit. The bypass and device-identification registers differ in that 
they contain only a shift register. During the appropriate capture state (Capture-IR for instruction register, 
Capture-DR for data registers), the shift register can be parallel loaded from a source specified by the current 
instruction. During the appropriate shift state (Shift-IR or Shift-DR), the contents of the shift register are shifted 
out from TDO while new contents are shifted in at TDI. During the appropriate update state (Update-IR or 
Update-DR), the shadow latches are updated from the shift register. 



instruction register description 

The instruction register (IR) is eight bits long and tells the device what instruction is to be executed. Information 
contained in the instruction includes the mode of operation (either normal mode, in which the device performs 
its normal logic function, or test mode, in which the normal logic function is inhibited or altered), the test operation 
to be performed, which of the four data registers is to be selected for inclusion in the scan path during 
data-register scans, and the source of data to be captured into the selected data register during Capture-DR. 

Table 3 lists the instructions supported by the 'ABT18640. The even-parity feature specified for SCOPE™ 
devices is supported in this device. Bit 7 of the instruction opcode is the parity bit. Any instructions that are 
defined for SCOPE™ devices but are not supported by this device default to BYPASS. 

During Capture-IR, the IR captures the binary value 1 0000001 . As an instruction is shifted in, this value is shifted 
out via TDO and can be inspected as verification that the IR is in the scan path. During Update-IR, the value 
that has been shifted into the IR is loaded into shadow latches. At this time, the current instruction is updated 
and any specified mode change takes effect. At power up or in the Test-Logic-Reset state, the IR is reset to the 
binary value 10000001 , which selects the IDCODE instruction. The IR order of scan is shown in Figure 2. 
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Bit1 
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Figure 2. Instruction Register Order of Scan 



data register description 
boundary-scan register 

The boundary-scan register (BSR) is 44 bits long. It contains one boundary-scan cell (BSC) for each 
normal-function input pin, one BSC for each normal-function I/O pin (one single cell for both input data and 
output data), and one BSC for each of the internally decoded output-enable signals (10EA, 20EA, 10EB, 
20EB). The BSR is used 1) to store test data that is to be applied externally to the device output pins, and/or 
2) to capture data that appears internally at the outputs of the normal on-chip logic and/or externally at the device 
input pins. 

The source of data to be captured into the BSR during Capture-DR is determined by the current instruction. The 
contents of the BSR can change during Run-Test/Idle as determined by the current instruction. At power up or 
in Test-Logic-Reset, BSCs 43-40 are reset to logic 0, ensuring that these cells, which contol A-port and B-port 
outputs, are set to benign values (i.e., if test mode were invoked, the outputs would be at the high-impedance 
state). Reset values of other BSCs should be considered indeterminate. 
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boundary-scan register (continued) 

When external data is to be captured, the BSCs for signals 1 0EA, 20EA, 1 0EB, and 20EB capture logic values 
determined by the following positive-logic equations: 

10EA = 10E • TDiR, 20EA = 25E • 2DIR, 10EB = 10E • DIR. and 20EB = 20E • DIR 

When data is to be applied externally, these BSCs control the drive state (active or high impedance) of their 

respective outputs. 

The BSR order of scan is from TDI through bits 43-0 to TDO. Table 1 shows the BSR bits and their associated 
device pin signals. 



Table 1. Boundary-Scan Register Configuration 



BSR BIT 
NUMBER 


DEVICE 
SIGNAL 


BSR BIT 
NUMBER 


DEVICE 
SIGNAL 


BSR BIT 
NUMBER 


DEVICE 
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BSR BIT 
NUMBER 
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BSR BIT 
NUMBER 


DEVICE 
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17 
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8 


1B9-I/0 
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33 
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1B7-I/0 


40 


10EA 


32 


2A6-I/0 


23 


1A6-I/0 


14 


2B6-I/0 


5 
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boundary-control register 

The boundary-control register (BCR) is three bits long. The BCR is used in the context of the boundary-run test 
(RUNT) instruction to implement additional test operations not included in the basic SCOPE™ instruction set. 
Such operations include PRPG, PSA, and binary count up (COUNT). Table 4 shows the test operations that 
are decoded by the BCR. 

During Capture-DR, the contents of the BCR are not changed. At power up or in Test-Logic-Reset, the BCR is 
reset to the binary value 01 0, which selects the PSA test operation. The BCR order of scan is shown in Figure 3. 
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Figure 3. Boundary-Control Register Order of Scan 

bypass register 

The bypass register is a 1-bit scan path that can be selected to shorten the length of the system scan path, 
reducing the number of bits per test pattern that must be applied to complete a test operation. During 
Capture-DR, the bypass register captures a logic 0. The bypass register order of scan is shown in Figure 4. 
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Figure 4. Bypass Register Order of Scan 
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device-identification register 

The device-identification register (IDR) is 32 bits long. It can be selected and read to identify the manufacturer, 
part number, and version of this device. 

During Capture-DR, the binary value 00000000000000001110000000101111 (0000E02F, hex) is captured in 
the IDR to identify this device as Texas Instruments SN54/74ABT1 8640. The IDR order of scan is from TDI 
through bits 31-0 to TDO. Table 2 shows the IDR bits and their significance. 



Table 2. Device-Identification Register Configuration 
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t Note that for Tl products, bits 11-0 of the device-identification register always contain the binary value 000000101111 
(02F, hex). 



4-40 



Texas 
Instruments 

POST OFFICE BOX 655303 • DALLAS. TEXAS 75265 



SN54ABT18640, SN74ABT18640 
SCAN TEST DEVICES 
WITH 18-BIT INVERTING BUS TRANSCEIVERS 

SCBS267C- FEBRUARY 1994 - REVISED JULY 1996 



instruction-register opcode description 

The instruction-register opcodes are shown in Table 3. The following descriptions detail the operation of 
each instruction. 



Table 3. Instruction-Register Opcodes 



BINARY CODPt 
BIT 7 -> BIT 0 
MSB -» LSB 


SCOPE OPCODE 


DESCRIPTION 


SELECTED DATA 

DCPICTCD 


MODE 


00000000 


EXTEST 


Boundary scan 


Boundary scan 


Test 


10000001 


IDCODE 


Identification read 


Device identification 


Normal 


10000010 


SAMPLE/PRELOAD 


Sample boundary 


Boundary scan 


Normal 


00000011 


BYPASS* 


Bypass scan 


Bypass 


Normal 


10000100 


BYPASS* 


Bypass scan 


Bypass 


Normal 


00000101 


BYPASS* 


Bypass scan 


Bypass 


Normal 


00000110 


HIGHZ 


Control boundary to high impedance 


Bypass 


Modified test 


10000111 


CLAMP 


Control boundary to 1/0 


Bypass 


Test 


10001000 


BYPASS* 


Bypass scan 


Bypass 


Normal 


00001001 


RUNT 


Boundary-run test 


Bypass 


Test 


00001010 


READBN 


Boundary read 


Boundary scan 


Normal 


10001011 


READBT 


Boundary read 


Boundary scan 


Test 


00001100 


CELLTST 


Boundary self test 


Boundary scan 


Normal 


10001101 


TOPHIP 


Boundary toggle outputs 


Bypass 


Test 


10001110 


SCANCN 


Boundary-control register scan 


Boundary control 


Normal 


00001111 


SCANCT 


Boundary-control register scan 


Boundary control 


Test 


All others 


BYPASS 


Bypass scan 


Bypass 


Normal 



t Bit 7 is used to maintain even parity in the 8-bit instruction. 

* The BYPASS instruction is executed in lieu of a SCOPF" instruction that is not supported in the 'ABT18640. 



boundary scan 

This instruction conforms to the IEEE Standard 1149.1-1990 EXTEST instruction. The BSR is selected in the 
scan path. Data appearing at the device input and I/O pins is captured in the associated BSCs. Data that has 
been scanned into the input BSCs is applied to the inputs of the normal on-chip logic, while data scanned into 
the I/O BSCs for pins in the output mode is applied to the device I/O pins. Data present at the device I/O pins 
is passed through the I/O BSCs to the normal on-chip logic. For I/O pins, the operation of a pin as input or output 
is determined by the contents of the output-enable BSCs (bits 43-40 of the BSR). When a given output enable 
is active (logic 1), the associated I/O pins operate in the output mode. Otherwise, the I/O pins operate in the 
input mode. The device operates in the test mode. 

identification read 

This instruction conforms to the IEEE Standard 1149.1-1990 IDCODE instruction. The IDR is selected in the 
scan path. The device operates in the normal mode. 

sample boundary 

This instruction conforms to the IEEE Standard 1149.1-1990 SAMPLE/PRELOAD instruction. The BSR is 
selected in the scan path. Data appearing at the device input pins and I/O pins in the input mode is captured 
in the associated BSCs, while data appearing at the outputs of the normal on-chip logic is captured in the BSCs 
associated with I/O pins in the output mode. The device operates in the normal mode. 
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bypass scan 

This instruction conforms to the IEEE Standard 1149.1-1990 BYPASS instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. The device 
operates in the normal mode. 

control boundary to high Impedance 

This instruction conforms to the IEEE Standard 11 49.1 a-1 993 HIGHZ instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. The device 
operates in a modified test mode in which all device I/O pins are placed in the high-impedance state, the device 
input pins remain operational, and the normal on-chip logic function is performed. 

control boundary to 1/0 

This instruction conforms to the IEEE Standard 11 49.1 a-1 993 CLAMP instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. Data in the input 
BSCs is applied to the inputs of the normal on-chip logic, while data in the I/O BSCs for pins in the output mode 
is applied to the device I/O pins. The device operates in the test mode. 

boundary-run test 

The bypass register is selected in the scan path. A logic 0 value is captured in the bypass register during 
Capture-DR. The device operates in the test mode. The test operation specified in the BCR is executed during 
Run-Test/Idle. The five test operations decoded by the BCR are: sample inputs/toggle outputs (TOPSIP), 
PRPG, PSA, simultaneous PSA and PRPG (PSA/PRPG), and simultaneous PSA and binary count up 
(PSA/COUNT). 

boundary read 

The BSR is selected in the scan path. The value in the BSR remains unchanged during Capture-DR. This 
instruction is useful for inspecting data after a PSA operation. 

boundary self test 

The BSR is selected in the scan path. All BSCs capture the inverse of their current values during Capture-DR. 
In this way, the contents of the shadow latches can be read out to verify the integrity of both shift-register and 
shadow-latch elements of the BSR. The device operates in the normal mode. 

boundary toggle outputs 

The bypass register is selected in the scan path. A logic 0 value is captured in the bypass register during 
Capture-DR. Data in the shift-register elements of the selected output-mode BSCs is toggled on each rising 
edge of TCK in Run-Test/ldle, updated in the shadow latches, and applied to the associated device I/O pins on 
each falling edge of TCK in Run-Test/Idle. Data in the input-mode BSCs remains constant. Data appearing at 
the device input or I/O pins is not captured in the input-mode BSCs. The device operates in the test mode. 

boundary-control-register scan 

The BCR is selected in the scan path. The value in the BCR remains unchanged during Capture-DR. This 
operation must be performed before a boundary-run test operation to specify which test operation is to 
be executed. 
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boundary-control-register opcode description 

The BCR opcodes are decoded from BCR bits 2-0 as shown in Table 4. The selected test operation is performed 
while the RUNT instruction is executed in the Run-Test/Idle state. The following descriptions detail the operation 
of each BCR instruction and illustrate the associated PSA and PRPG algorithms. 



Table 4. Boundary-Control Register Opcodes 



BINARY CODE 
BIT 2 -» BIT 0 
MSB -> LSB 


DESCRIPTION 


XOO 


Sample inputs/toggle outputs (TOPSIP) 


X01 


Pseudo-random pattern generation/36-bit mode (PRPG) 


X10 


Parallel-signature analysis/36-bit mode (PSA) 


011 


Simultaneous PSA and PRPG/18-bit mode (PSA/PRPG) 


111 


Simultaneous PSA and binary count up/1 8-bit mode (PSA/COUNT) 



While the control input BSCs (bits 43-36) are not included in the toggle, PSA, PRPG, or COUNT algorithms, 
the output-enable BSCs (bits 43-40 of the BSR) control the drive state (active or high impedance) of the selected 
device output pins. These BCR instructions are valid only when both bytes of the device are operating in one 
direction of data flow (that is, 1 0EA * 1 0EB and 20EA * 20EB) and in the same direction of data flow (that is, 
10EA = 20EA and 10EB = 20EB). Otherwise, the bypass instruction is performed. 

sample inputs/toggle outputs (TOPSIP) 

Data appearing at the selected device input-mode I/O pins is captured in the shift-register elements of the 
associated BSCs on each rising edge of TCK. Data in the shift-register elements of the selected output-mode 
BSCs is toggled on each rising edge of TCK, updated in the shadow latches, and applied to the associated 
device I/O pins on each falling edge of TCK. 
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pseudo-random pattern generation (PRPG) 

A pseudo-random pattern is generated in the shift-register elements of the selected BSCs on each rising edge 
of TCK, updated in the shadow latches, and applied to the associated device output-mode I/O pins on each 
falling edge of TCK. Figures 5 and 6 show the 36-bit linear-feedback shift-register algorithms through which the 
patterns are generated. An initial seed value should be scanned into the BSR before performing this operation. 
A seed value of all zeroes does not produce additional patterns. 

2A9-I/0 2A8-I/0 2A7-I/0 2A6-I/0 2A5-I/0 2A4-I/0 2A3-I/0 2A2-I/0 2A1-I/0 



1A9-I/0 1A8-I/0 1A7-I/0 1A6-I/0 1A5-I/0 1A4-I/0 1A3-I/0 1A2-I/0 1A1-I/0 



©- 



2B9-I/0 2B8-I/0 2B7-I/0 2B6-I/0 2B5-I/0 2B4-I/0 2B3-I/0 2B2-I/0 2B1-I/0 



^» — ^ 1B9-l/< 



B9-I/0 1B8-I/0 1B7-I/0 1B6-I/0 1B5-I/0 1B4-I/0 1B3-I/0 1B2-I/0 1B1-I/0 

Figure 5. 36-Bit PRPG Configuration (10EA = 20EA = 0, 10EB = 20EB = 1) 
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2B9-I/0 2B8-I/0 2B7-I/0 2B6-I/0 2B5-I/0 2B4-I/0 2B3-I/0 2B2-I/0 2B1-I/0 



1B9-I/0 1B8-I/0 1B7-I/0 1B6-I/0 1B5-I/0 1B4-I/0 1B3-I/0 1B2-I/0 1B1-I/0 



2A9-I/0 2A8-I/0 2A7-I/0 2A6-I/0 2A5-I/0 2A4-I/0 2A3-I/0 2A2-I/0 2A1-I/0 



► M ► ► H ► ► 
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1A9-I/0 1A8-I/0 1A7-I/0 1A6-I/0 1A5-I/0 1A4-I/0 1A3-I/0 1A2-I/0 1A1-I/0 

Figure 6. 36-Bit PRPG Configuration (10EA = 20EA = 1, 10EB = 20EB = 0) 
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parallel-signature analysis (PSA) 

Data appearing at the selected device input-mode I/O pins is compressed into a 36-bit parallel signature in the 
shift-register elements of the selected BSCs on each rising edge of TCK. Data in the shadow latches of the 
selected output-mode BSCs remains constant and is applied to the associated device I/O pins. Figures 7 and 8 
show the 36-bit linear-feedback shift-register algorithms through which the signature is generated. An initial 
seed value should be scanned into the BSR before performing this operation. 
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1B9-I/0 1B8-I/0 1B7-I/0 1B6-I/0 1B5-I/0 1B4-I/0 1B3-I/0 1B2-I/0 1B1-I/0 

Figure 7. 36-Bit PSA Configuration (10EA = 20EA = 0, 10EB = 20EB = 1) 
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Figure 8. 36-Bit PSA Configuration (10EA = 20EA = 1, 10EB = 20EB = 0) 
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simultaneous PSA and PRPG (PSA/PRPG) 

Data appearing at the selected device input-mode I/O pins is compressed into an 1 8-bit parallel signature in 
the shift-register elements of the selected input-mode BSCs on each rising edge of TCK. At the same time, an 
1 8-bit pseudo-random pattern is generated in the shift-register elements of the selected output-mode BSCs on 
each rising edge of TCK, updated in the shadow latches, and applied to the associated device I/O pins on each 
falling edge of TCK. Figures 9 and 10 show the 18-bit linear-feedback shift-register algorithms through which 
the signature and patterns are generated. An initial seed value should be scanned into the BSR before 
performing this operation. A seed value of all zeroes does not produce additional patterns. 
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Figure 9. 18-Bit PSA/PRPG Configuration (10EA = 20EA = 0, 10EB = 20EB = 1) 
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Figure 10. 18-Bit PSA/PRPG Configuration (10EA = 20EA = 1, 10EB = 20EB = 0) 
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simultaneous PSA and binary count up (PSA/COUNT) 

Data appearing at the selected device input-mode I/O pins is compressed into an 1 8-bit parallel signature in 
the shift-register elements of the selected input-mode BSCs on each rising edge of TCK. At the same time, an 
1 8-bit binary count-up pattern is generated in the shift-register elements of the selected output-mode BSCs on 
each rising edge of TCK, updated in the shadow latches, and applied to the associated device I/O pins on each 
falling edge of TCK. Figures 11 and 12 show the 1 8-bit linear-feedback shift-register algorithms through which 
the signature is generated. An initial seed value should be scanned into the BSR before performing 
this operation. 
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Figure 11. 18-Bit PSA/COUNT Configuration (10EA = 20EA = 0, 10EB = 20EB = 1) 
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Figure 12. 18-Bit PSA/COUNT Configuration (10EA = 20EA = 1, 10EB = 20EB = 0) 
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timing description 

All test operations of the 'ABT1 8640 are synchronous to TCK. Data on the TDI , TMS, and normal-function inputs 
is captured on the rising edge of TCK. Data appears on the TDO and normal-function output pins on the falling 
edge of TCK. The TAP controller is advanced through its states (as shown in Figure 1 ) by changing the value 
of TMS on the falling edge of TCK and then applying a rising edge to TCK. 

A simple timing example is shown in Figure 13. In this example, the TAP controller begins in the 
Test-Logic-Reset state and is advanced through its states as necessary to perform one instruction-register scan 
and one data-register scan. While in the Shift-IR and Shift-DR states, TDI is used to input serial data, and TDO 
is used to output serial data. The TAP controller is then returned to the Test-Logic-Reset state. Table 5 details 
the operation of the test circuitry during each TCK cycle. 



Table 5. Explanation of Timing Example 



1 Oft. 

CYCLE(S) 


TAD CTATC 

IAK o 1 Al t: 
AFTER TCK 


DESCRIPTION 


1 


Test-Logic-Reset 


TMS is changed to a logic 0 value on the falling edge of TCK to begin advancing the TAP controller toward 
the desired state. 


2 


Run-Test/Idle 




3 


Select-DR-Scan 




4 


Select-IR-Scan 




5 


Capture-IR 


The IR captures the 8-bit binary value 1 0000001 on the rising edge of TCK as the TAP controller exits the 
Capture-IR state. 


6 


Shift-IR 


TDO becomes active and TDI is made valid on the falling edge of TCK. The first bit is shifted into the TAP 
on the rising edge of TCK as the TAP controller advances to the next state. 


7-13 


Shift-IR 


One bit is shifted into the IR on each TCK rising edge. With TDI held at a logic 1 value, the 8-bit binary value 
1 1 1 1 1 1 1 1 is serially scanned into the IR. At the same time, the 8-bit binary value 1 0000001 is serially scanned 
out of the IR via TDO. In TCK cycle 13, TMS is changed to a logic 1 value to end the IR scan on the next 
TCK cycle. The last bit of the instruction is shifted as the TAP controller advances from Shift-IR to Exit1-IR. 


14 


ExitMR 


TDO becomes inactive (goes to the high-impedance state) on the falling edge of TCK. 


15 


Update-IR 


The IR is updated with the new instruction (BYPASS) on the falling edge of TCK. 


16 


Select-DR-Scan 




17 


Capture-DR 


The bypass register captures a logic 0 value on the rising edge of TCK as the TAP controller exits the 
Capture-DR state. 


18 


Shift-DR 


TDO becomes active and TDI is made valid on the falling edge of TCK. The first bit is shifted into the TAP 
on the rising edge of TCK as the TAP controller advances to the next state. 


19-20 


Shift-DR 


The binary value 1 01 is shifted in via TDI, while the binary value 01 0 is shifted out via TDO. 


21 


Exit1-DR 


TDO becomes inactive (goes to the high-impedance state) on the falling edge of TCK. 


22 


Update-DR 


The selected data register is updated with the new data on the falling edge of TCK. 


23 


Select-DR-Scan 




24 


Select-IR-Scan 




25 


Test-Logic-Reset 


Test operation completed 
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Figure 13. Timing Example 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, Vqc -°- 5 V to 7 V 

Input voltage range, V| (except I/O ports) (see Note 1) -0.5 V to 7 V 

Input voltage range, V| (I/O ports) (see Note 1 ) -0.5 V to 5.5 V 

Voltage range applied to any output in the high state or power-off state, Vq -0.5 V to 5.5 V 

Current into any output in the low state, lo: SN54ABT18640 96 mA 

SN74ABT18640 128 mA 

Input clamp current, l|« (V| < 0) -1 8 mA 

Output clamp current, Iqk ( v o < °) ~ 50 mA 

Continuous current through Vcc ■ — 576 mA 

Continuous current through GND 1 1 52 mA 

Maximum power dissipation at Ta = 55°C (in still air) (see Note 2): DGG package 1 W 

DL package 1 .4 W 

Storage temperature range, T stg -65°C to 1 50°C 

t Stresses beyond those listed under"absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 
NOTES: 1 . The input and output negative-voltage ratings can be exceeded if the input and output clamp-current ratings are observed. 

2. The maximum package power dissipation is calculated using a junction temperature of 150°C and a board trace length of 750 mils. 
Formore information, refertothe Package Thermal Considerations application note in the ABT Advanced BiCMOS Technology Data 
Book, literature number SCBD002. 
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recommended operating conditions (see Note 3) 







SN54ABT18640 


SN74ABT18640 


UNIT 






MIN 


MAX 


MIN 


MAX 


vcc 


Supply voltage 


4.5 


5.5 


4.5 


5.5 


V 


VIH 


High-level input voltage 


2 




2 


V 


V|L 


Low-level input voltage 




0.8 


V 


V| 


Input voltage 




c v C c 


0 


vcc 


V 


>OH 


High-level output current 


.0 


-24 


-32 


mA 


"OL 


Low-level output current 




48 


64 


mA 


At/Av 


Input transition rise or fall rate 




10 


10 


ns/V 


TA 


Operating free-air temperature 


-55 


125 


-AO 


85 


°C 



NOTE 3: Unused pins (input or I/O) must be held high or low to prevent them from floating. 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


Ta = 25°C 


SN54ABT18640 


SN74ABT18640 


UNIT 


MIN TYPt MAX 


MIN MAX 


MIN MAX 


VlK 


Vcc = 4 -5V, l|=-18mA 


-1.2 


-1.2 


-1 .2 


V 


VOH 


Vcc = 4 -5 V, lOH = -3 mA 


2.5 


2.5 


2.5 


V 


Vcc = 5 V, IQH = "3 mA 


3 


3 


3 


V CC = 4.5 V 


'OH = -24 mA 


2 


2 




lOH = -32 mA 


2* 




2 


vol 


V CC = 4.5 V 


lOL = 48 mA 


0.55 


0.55 




V 


Iql = 64 mA 


0.55* 




0.55 


ii 


DIR.OE.TCK 


V C C = 5 -5 V, V| = V C C or GND 


±1 


±1 


±1 


HA 


A or B ports 


±100 


±100 


±100 


l|H 


TDI.TMS 


V C C = 5.5 V, V| = V C C 


10 


JO 


10 


u.A 


IlL 


TDI, TMS 


V C C = 5.5 V, V| = GND 


-AO -150 


-40 £it0 


-40 -150 


HA 


bZH* 


V C C = 5-5 V, Vq = 2.7 V 


50 


# 50 


50 


\\A 


lOZL* 


V C C = 5.5 V, Vo = 0.5 V 


-50 


jC "50 


-50 


HA 


lOZPU 


Vcc = 0 to 2 V, Vo = 2.7 V or 0.5 V 


±50 


^ ±50 


±50 


HA 


'OZPD 


V C C = 2 V to 0, Vo = 2.7 V or 0.5 V 


±50 


J?" ±50 


±50 


|iA 


'off 


Vcc = °. V| or Vq < 4.5 V 


±100 


•C ±450 


±100 


|iA 


ICEX 


Outputs high 


V C C = 5.5 V, V 0 = 5.5 V 


50 


50 


50 


HA 


io§ 


V C C = 5.5 V, V 0 = 2.5 V 


-50 -110 -200 


-50 -200 


-50 -200 


mA 


'cc 


A or B ports 


V C C = 5.5 V, 

io-o, 

V| = VccorGND 


Outputs high 


3.5 5 


5 


5 


mA 


Outputs low 


33 38 


38 


38 


Outputs disabled 


2.9 4.5 


4.5 


4.5 


Alec 11 


Vcc = 5.5 V, One input at 3.4 V, 
Other inputs at Vcc or G ND 


50 


50 


50 


\iA 


Cj 


Control inputs 


V| = 2.5 V or 0.5 V 


3 






pF 


Qo 


A or B ports 


V 0 = 2.5 V or 0.5 V 


10 






PF 


Co 


TDO 


V 0 = 2.5 V or 0.5 V 


8 






PF 



* On products compliant to MIL-PRF-38535, this parameter does not apply, 
t All typical values are at Vcc = 5 V. 

$ The parameters lozH and 'OZL include the input leakage current. 

§ Not more than one output should be tested at a time, and the duration of the test should not 

H This is the increase in supply current for each input that is at the specified TTL voltage level 



exceed one second, 
rather than Vcc or GND. 



PRODUCT PREVIEW Information concerns products In the formative or 
design phase of development Characteristic data and other 
specifications are design goals. Texas Instruments reserves the right to 
change or discontinue these products without notice. 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (test mode) (see Figure 14) 





SN54ABT18640 


SN74ABT18640 


UNIT 


MIN MAX 


MIN MAX 


'clock Clock frequency 


TCK 


0 50 


0 50 


MHz 


t w Pulse duration 


TCK high or low 




8.1 


ns 


t su Setup time 


A, B, DIR. or OE before TCKt 


9.5 £f 


7 


ns 


TDI before TCKt 


4.5 ip 


4.5 


TMS before TCKT 


3.6 ^ 


3.6 


t n Hold time 


A, B, DIR. or OE after T.CKt 




0 


ns 


TDI after TCKT 


j& 


0 


TMS after TCKT 




0.5 


td Delay time 


Power up to TCKT 


50 


50 


ns 


t r Rise time 


Vcc power up 


1 


1 


US 



switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (normal mode) (see Figure 14) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V C C = 5 V, 
Ta = 25°C 


SN54ABT1G640 


SN74ABT18640 


UNIT 




MIN 


TYP 


MAX 


MIN MjX 


MIN 


MAX 




tPLH 


AorB 


Bor A 


1.5 


2.8 


4.1 


1.5 


i*.i 


1.5 


4.8 


ns 


tPHL 


1.5 


3.1 


4.6 


1-5 ^ 


^5.8 


1.5 


5.4 


tpZH 


OE 


Bor A 


2 


4.7 


5.8 


2A, 


8.1 


2 


7.5 


ns 


l PZL 


2 


4.5 


6.2 


8.5 


2 


8 


tPHZ 


OE 


Bor A 


2.5 


5.8 


6.8 




9.5 


2.5 


8.5 


ns 


tPLZ 


2.5 


4.8 


6 


<"*2.5 


8.5 


2.5 


7.5 


switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (test mode) (see Figure 14) 


PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V C C = 5 V, 
Ta = 25°C 


SN54ABT18640 


SN74ABT18640 


UNIT 




MIN 


TYP 


MAX 


MIN 


MAX 


MIN 


MAX 




'max 


TCKl 




50 


90 




50 


50 


MHz 


'PLH 


TCKl 


AorB 


3 


7.1 


10.1 


3 


14 


3 


13.1 


ns 


tPHL 


3 


7 


10.1 


2.8 


13.8 


3 


12.8 


tPLH 


TCKl 


TDO 


2 


3.4 


5 


2 & 


2 


6.1 


ns 


tPHL 


2 


3.9 


5.6 


2 


S?7 


2 


6.5 


tpZH 


TCKl 


AorB 


4 


7.5 


10.6 


4 £ 


^14.1 


4 


13.4 


ns 


*PZL 


4 


7.6 


10.5 


4-C 


14.3 


4 


13.6 


tpZH 


TCKl 


TDO 


2 


3.8 


5.5 


^ — 


7 


2 


6.6 


ns 


tPZL 


2.5 


4 


5.7 


^3 


7.3 


2.5 


6.9 


tPHZ 


TCKl 


A or B 


3.5 


7.7 


10.8 


— 

X 2.9 


14.4 


3.5 


13.6 


ns 


tPLZ 


2.5 


7.1 


10.1 


2.5 


13.8 


2.5 


12.7 


tpHZ 


TCKl 


TDO 


2 


3.9 


5.7 


2 


7.5 


2 


7.2 


ns 


tPLZ 


1.5 


3.5 


5.4 


1.5 


6.7 


1.5 


6.3 



PRODUCT PREVIEW Information concerns products In the formative or 

design phase of development. Characteristic data and other j 

ideations are design goals. Texas Instruments reserves the right to v<*s3 "JEXA.S 
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PARAMETER MEASUREMENT INFORMATION 

- 7 V 



From Output 

Under Test 

Cl = 50 pF 
(see Note A) 



500 £1 

-AAAr- 



500 a 



O Open 
? GND 



TEST 


S1 


tpLH'tpHL 
tpLZ'tpZL 
tpHZ'tPZH 


Open 
7V 
Open 



LOAD CIRCUIT 



t w 



— v v — 

Input 1.5 Vft A 1,5V 



VOLTAGE WAVEFORMS 
PULSE DURATION 



3V 



0V 



Timing Input 



Data Input 



tsu 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



3V 
0V 



3V 
0V 



Input 



Output 



Output 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output 
Control 



Output 
Waveform 1 
S1 at7V 
(see Note B) 

Output 
Waveform 2 
S1 at Open 
(see Note B) 



tpZL 



tpZH -*| |«- 



| tpLZ -*j j«- 

A I / VOL^0-3V 

I tPHZ -*i 



3V 
0V 

3.5 V 

Vol 



VOH-0.3V V ° H 
— « 0V 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. C|_ includes probe and jig capacitance. 

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with interna! conditions such that the output is high except when disabled by the output control. 

C. All input pulses are supplied by generators having the following characteristics: PRR < 1 0 MHz, Zq = 50 d t r < 2.5 ns, tf < 2.5 ns. 

D. The outputs are measured one at a time with one transition per measurement. 



Figure 14. Load Circuit and Voltage Waveforms 
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Members of the Texas Instruments 
SCOPE™ Family of Testability Products 

Members of the Texas Instruments 
Widebus™ Family 
Compatible With the IEEE Standard 
1149.1-1990 (JTAG) Test Access Port 
and Boundary-Scan Architecture 

UBT™ (Universal Bus Transceiver) 
Combines D-Type Latches and D-Type 
Flip-Flops for Operation in Transparent, 
Latched, or Clocked Mode 
Bus Hold on Data Inputs Eliminates the 
Need for External Pullup Resistors 
B-Port Outputs of 'ABTH 182502 A Devices 
Have Equivalent 25-Q, Series Resistors, So 
No External Resistors Are Required 
State-of-the-Art EPIC-llB™ BiCMOS Design 



One Boundary-Scan Cell Per I/O 
Architecture Improves Scan Efficiency 
SCOPE Instruction Set 

- IEEE Standard 1149.1-1990 Required 
Instructions and Optional CLAMP and 
HIGHZ 

- Parallel-Signature Analysis at Inputs 

- Pseudo-Random Pattern Generation 
From Outputs 

- Sample Inputs/Toggle Outputs 

- Binary Count From Outputs 

- Device Identification 

- Even-Parity Opcodes 

Packaged in 64-Pin Plastic Thin Quad Flat 
(PM) Packages Using 0.5-mm 
Center-to-Center Spacings and 68-Pin 
Ceramic Quad Flat (HV) Packages Using 
25-mil Center-to-Center Spacings 
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description 



The 'ABTH18502A and 'ABTH1 82502A scan test devices with 1 8-bit universal bus transceivers are members 
of the Texas Instruments SCOPE testability integrated-circuit family. This family of devices supports IEEE 
Standard 1 1 49.1-1 990 boundary scan to facilitate testing of complex circuit-board assemblies. Scan access to 
the test circuitry is accomplished via the 4-wire test access port (TAP) interface." 

In the normal mode, these devices are 1 8-bit universal bus transceivers that combine D-type latches and D-type 
flip-flops to allow data flow in transparent, latched, or clocked modes. They can be used either as two 9-bit 
transceivers or one 1 8-bit transceiver. The test circuitry can be activated by the TAP to take snapshot samples 
of the data appearing at the device pins or to perform a self test on the boundary-test cells. Activating the TAP 
in the normal mode does not affect the functional operation of the SCOPE universal bus transceivers. 



Data flow in each direction is controlled by output-enable (OEAB and OEBA), latch-enable (LEAB and LEBA), 
and clock (CLKAB and CLKBA) inputs. For A-to-B data flow, the device operates in the transparent mode when 
LEAB is high. When LEAB is low, the A-bus data is latched while CLKAB is held at a static low or high logic level. 
Otherwise, if LEAB is low, A-bus d ata is stored on a low-to-high transition of CLKAB. When OEAB is low, the 
B outputs are active. When OEAB is hi gh, the B outputs are in the high-impedance state. B-to-A data flow is 
similar to A-to-B data flow but uses the OEBA, LEBA, and CLKBA inputs. 

In the test mode, the normal operation of the SCOPE universal bus transceivers is inhibited and the test circuitry 
is enabled to observe and control the I/O boundary of the device. When enabled, the test circuitry performs 
boundary-scan test operations according to the protocol described in IEEE Standard 1149.1-1990. 
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description (continued) 

Four dedicated test pins observe and control the operation of the test circuitry: test data input (TDI), test data 
output (TDO), test mode select (TMS), and test clock (TCK). Additionally, the test circuitry performs other testing 
functions such as parallel-signature analysis (PSA) on data inputs and pseudo-random pattern generation 
(PRPG) from data outputs. All testing and scan operations are synchronized to the TAP interface. 

-Improved scan efficiency is accomplished through the adoption of a one boundary-scan cell (BSC) per I/O pin 
architecture. This architecture is implemented in such a way as to capture the most pertinent test data. A 
PSA/COUNT instruction also is included to ease the testing of memories and other circuits where a binary count 
addressing scheme is useful. 

Active bus-hold circuitry holds unused or floating data inputs at a valid logic level. 

The B-port outputs of 'ABTH182502A, which are designed to source or sink up to 12 mA, include 25-Q, series 
resistors to reduce overshoot and undershoot. 

The SN54ABTH18502A and SN54ABTH182502A are characterized for operation over the full military 
temperature range of-55°C to 125°C. The SN74ABTH18502A and SN74ABTH182502A are characterized for 
operation from -40°C to 85°C. 



FUNCTION TABLET 
(normal modo, each register) 



INPUTS 


OUTPUT 


OEAB 


LEAB 


CLKAB 


A 


B 


L 


L 


L 


X 


B 0 * 


L 


L 


T 


L 


L 


L 


L 




H 


H 


L 


H 


X 


L 


L 


L 


H 


X 


H 


H 


H 


X 


X 


X 


Z 



t A-to-B d ata flow is shown. B-to-A data flow is similar 

but uses OEBA, LEBA, and CLKBA. 
t Output level before the indicated steady-state input 

conditions were established 
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functional block diagram 
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27 
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Boundary-Scan Register 
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One of Nine Channels 
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One of Nine Channels 
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Boundary-Control 
Register 



51 



1B1 



J 



40 



2B1 



Identification 
Register 



Instruction 
Register 



TAP 
Controller 
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Pin numbers shown are for the PM package. 
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Terminal Functions 



TERMINAL NAME 


DESCRIPTION 


1A1-1A9, 
2A1-2A9 


Normal-function A-bus I/O ports. See (unction table for normal-mode logic. 


1B1-1B9, 
2B1-2B9 


Normal-function B-bus I/O ports. See function table for normal-mode logic. 


1CLKAB, 1CLKBA, 
OCA KAR 0C\ KRA 


Normal-function clock inputs. See function table for normal-mode logic. 


GND 


Ground 


1LEAB, 1LEBA, 
2LEAB, 2LEBA 


Normal-function latch enables. See function table for normal-mode logic. 


10EAB, 10EBA, 
20EAB, 20EBA 


Normal-function output enables. See function table for normal-mode logic. An internal pullup at each terminal forces the 
terminal to a high level if left unconnected. 


TCK 


Test clock. One of four terminals required by IEEE Standard 1 1 49.1-1 990. Test operations of the device are synchronous 
to TCK. Data is captured on the rising edge of TCK and outputs change on the falling edge of TCK. 


TDI 


Test data input. One of four terminals required by IEEE Standard 1149.1-1990. TDI is the serial input for shifting data 
through the instruction register or selected data register. An internal pullup forces TDI to a high level if left unconnected. 


TDO 


Test data output. One of four terminals required by IEEE Standard 1 149.1 -1 990. TDO is the serial output for shifting data 
through the instruction register or selected data register. 


TMS 


Test mode select. One of four terminals required by I EEE Standard 1 1 49.1 -1 990. TMS directs the device through its TAP 
controller states. An internal pullup forces TMS to a high level if left unconnected. 


vcc 


Supply voltage 
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test architecture 

Serial-test information is conveyed by means of a 4-wire test bus or TAP that conforms to IEEE Standard 
1149.1-1990. Test instructions, test data, and test control signals all are passed along this serial-test bus. The 
TAP controller monitors two signals from the test bus, TCK and TMS. The TAP controller extracts the 
synchronization (TCK) and state control (TMS) signals from the test bus and generates the appropriate on-chip 
control signals for the test structures in the device. Figure 1 shows the TAP-controller state diagram. 

The TAP controller is fully synchronous to the TCK signal. Input data is captured on the rising edge of TCK and 
output data changes on the falling edge of TCK. This scheme ensures that data to be captured is valid for fully 
one-half of the TCK cycle. 

The functional block diagram illustrates the IEEE Standard 1149.1-1990 4-wire test bus and boundary-scan 
architecture and the relationship among the test bus, the TAP controller, and the test registers. As illustrated, 
the device contains an 8-bit instruction register and four test-data registers: a 48-bit boundary-scan register, a 
3-bit boundary-control register, a 1-bit bypass register, and a 32-bit device-identification register. 
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Figure 1. TAP-Controller State Diagram 
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state diagram description 

The TAP controller is a synchronous finite state machine that provides test control signals throughout the device. 
The state diagram shown in Figure 1 is in accordance with IEEE Standard 1149.1-1990. The TAP controller 
proceeds through its states based on the level of TMS at the rising edge of TCK. 

As shown, the TAP controller consists of 1 6 states. There are six stable states (indicated by a looping arrow in 
the state diagram) and ten unstable states. A stable state is a state the TAP controller can retain for consecutive 
TCK cycles. Any state that does not meet this criterion is an unstable state. 

There are two main paths through the state diagram: one to access and control the selected data register and 
one to access and control the instruction register. Only one register can be accessed at a time. 

Test-Logic-Reset 

The device powers up in the Test-Logic-Reset state. In the stable Test-Logic-Reset state, the test logic is reset 
and is disabled so that the normal logic function of the device is performed. The instruction register is reset to 
an opcode that selects the optional IDCODE instruction, if supported, or the BYPASS instruction. Certain data 
registers also can be reset to their power-up values. 

The state machine is constructed such that the TAP controller returns to the Test-Logic-Reset state in no more 
than five TCK cycles if TMS is left high. TMS has an internal pullup resistor that forces it high if left unconnected 
or if a board defect causes it to be open circuited. 

For the 'ABTH1 8502 A and 'ABTH 1 82502A, the instruction register is reset to the binary value 1 0000001 , which 
selects the IDCODE instruction. Bits 47-44 in the boundary-scan register are reset to logic 1 , ensuring that 
these cells, which control A-port and B-port outputs, are set to benign values (i.e., if test mode were invoked, 
the outputs would be at high-impedance state). Reset values of other bits in the boundary-scan register should 
be considered indeterminate. The boundary-control register is reset to the binary value 010, which selects the 
PSA test operation. 

Run-Test/Idle 

The TAP controller must pass through the Run-Test/Idle state (from Test-Logic-Reset) before executing any test 
operations. The Run-Test/ldle state also can be entered following data-register or instruction-register scans. 
Run-Test/Idle is a stable state in which the test logic can be actively running a test or can be idle. The test 
operations selected by the boundary-control register are performed while the TAP controller is in the 
Run-Test/ldle state. 

Select-DR-Scan, Select-IR-Scan 

No specific function is performed in the Select-DR-Scan and Select-IR-Scan states, and the TAP controller exits 
either of these states on the next TCK cycle. These states allow the selection of either data-register scan or 
instruction-register scan. 

Capture-DR 

When a data-register scan is selected, the TAP controller must pass through the Capture-DR state. In the 
Capture-DR state, the selected data register can capture a data value as specified by the current instruction. 
Such capture operations occur on the rising edge of TCK, upon which the TAP controller exits the Capture-DR 
state. 

Shift-DR 

Upon entry to the Shift-DR state, the data register is placed in the scan path between TDI and TDO, and on the 
first falling edge of TCK, TDO goes from the high-impedance state to an active state. TDO enables to the logic 
level present in the least-significant bit of the selected data register. 
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Shift-DR (continued) 

While in the stable Shift-DR state, data is serially shifted through the selected data register on each TCK cycle. 
The first shift occurs on the first rising edge of TCK after entry to the Shift-DR state (i.e., no shifting occurs during 
the TCK cycle in which the TAP controller changes from Capture-DR to Shift-DR or from Exit2-DR to Shift-DR). 
The last shift occurs on the rising edge of TCK, upon which the TAP controller exits the Shift-DR state. 

Exit1-DR, Exit2-DR 

The Exit1-DR and Exit2-DR states are temporary states that end a data-register scan. It is possible to return 
to the Shift-DR state from either Exit1-DR or Exit2-DR without recapturing the data register. On the first falling 
edge of TCK after entry to Exit1-DR, TDO goes from the active state to the high-impedance state. 

Pause-DR 

No specific function is performed in the stable Pause-DR state, in which the TAP controller can remain 
indefinitely. The Pause-DR state can suspend and resume data-register scan operations without loss of data. 

Update-DR 

If the current instruction calls for the selected data register to be updated with current data, such update occurs 
on the falling edge of TCK, following entry to the Update-DR state. 

Capture-IR 

When an instruction-register scan is selected, the TAP controller must pass through the Capture-IR state. In 
the Capture-IR state, the instruction register captures its current status value. This capture operation occurs 
on the rising edge of TCK, upon which the TAP controller exits the Capture-IR state. For the 'ABTH1 8502A and 
'ABTH1 82502A, the status value loaded in the Capture-IR state is the fixed binary value 1 0000001 . 

Shift-IR 

Upon entry to the Shift-IR state, the instruction register is placed in the scan path between TDI and TDO, and 
on the first falling edge of TCK, TDO goes from the high-impedance state to an active state. TDO enables to 
the logic level present in the least-significant bit of the instruction register. 

While in the stable Shift-IR state, instruction data is serially shifted through the instruction register on each TCK 
cycle. The first shift occurs on the first rising edge of TCK after entry to the Shift-IR state (i.e., no shifting occurs 
during the TCK cycle in which the TAP controller changes from Capture-IR to Shift-IR or from Exit2-IR to 
Shift-IR). The last shift occurs on the rising edge of TCK, upon which the TAP controller exits the Shift-IR state. 

Exit-MR, Exit2-IR 

The Exit1-IR and Exit2-IR states are temporary states that end an instruction-register scan, it is possible to 
return to the Shift-IR state from either Exit1-IR or Exit2-IR without recapturing the instruction register. On the 
first falling edge of TCK after entry to Exit1-IR, TDO goes from the active state to the high-impedance state. 

Pause-IR 

No specific function is performed in the stable Pause-IR state, in which the TAP controller can remain 
indefinitely. The Pause-IR state can suspend and resume instruction-register scan operations without loss of 
data. 

Update-IR 

The current instruction is updated and takes effect on the falling edge of TCK, following entry to the Update-IR 
state. 
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register overview 

With the exception of the bypass and device-identification registers, any test register can be thought of as a 
serial-shift register with a shadow latch on each bit. The bypass and device-identification registers differ in that 
they contain only a shift register. During the appropriate capture state (Capture-IR for instruction register, 
Capture-DR for data registers), the shift register can be parallel loaded from a source specified by the current 
instruction. During the appropriate shift state (Shift-IR or Shift-DR), the contents of the shift register are shifted 
out from TDO while new contents are shifted in at TDI. During the appropriate update state (Update-IR or 
Update-DR), the shadow latches are updated from the shift register. 

instruction register description 

The instruction register (IR) is eight bits long and tells the device what instruction is to be executed. Information 
contained in the instruction includes the mode of operation (either normal mode, in which the device performs 
its normal logic function, or test mode, in which the normal logic function is inhibited or altered), the test operation 
to be performed, which of the four data registers is to be selected for inclusion in the scan path during 
data-register scans, and the source of data to be captured into the selected data register during Capture-DR. 

Table 3 lists the instructions supported by the 'ABTH18502A and 'ABTH182502A. The even-parity feature 
specified for SCOPE devices is supported in this device. Bit 7 of the instruction opcode is the parity bit. Any 
instructions that are defined for SCOPE devices but are not supported by this device default to BYPASS. 

During Capture-IR, the IR captures the binary value 1 0000001 . As an instruction is shifted in, this value is shifted 
out via TDO and can be inspected as verification that the IR is in the scan path. During Update-IR, the value 
that has been shifted into the IR is loaded into shadow latches. At this time, the current instruction is updated 
and any specified mode change takes effect. At power up or in the Test-Logic-Reset state, the IR is reset to the 
binary value 10000001 , which selects the IDCODE instruction. The IR order of scan is shown in Figure 2. 
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Figure 2. Instruction Register Order of Scan 
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data register description 
boundary-scan register 

The boundary-scan register (BSR) is 48 bits long. It contains one boundary-scan cell (BSC) for each 
normal-function input pin and one BSC for each normal-function I/O pin (one single cell for both input data and 
output data). The BSR is used to store test data that is to be applied externally to the device output pins, and/or 
to capture data that appears internally at the outputs of the normal on-chip logic and/or externally at the device 
input pins. 

The source of data to be captured into the BSR during Capture-DR is determined by the current instruction. The 
contents of the BSR can change during Run-Test/ldle as determined by the current instruction. At power up or 
in Test-Logic-Reset, BSCs 47-44 are reset to logic 1 , ensuring that these cells, which control A-port and B-port 
outputs, are set to benign values (i.e., if test mode were invoked, the outputs would be at high-impedance state). 
Reset values of other BSCs should be considered indeterminate. 

The BSR order of scan is from TDI through bits 47-0 to TDO. Table 1 shows the BSR bits and their associated 
device pin signals. 



Table 1. Boundary-Scan Register Configuration 



BSR BIT 
NUMBER 


DEVICE 
SIGNAL 


BSR BIT 
NUMBER 


DEVICE 
SIGNAL 


BSR BIT 
NUMBER 


DEVICE 
SIGNAL 


47 


20EAB 


35 


2A9-I/0 


17 


2B9-I/0 


46 


10EAB 


34 


2A8-I/0 


16 


2B8-I/0 


45 


20EBA 


33 


2A7-I/0 


15 


2B7-I/0 


44 


10EBA 


32 


2A6-I/0 


14 


2B6-I/0 


43 


2CLKAB 


31 


2A5-I/0 


13 


2B5-I/0 


42 


1CLKAB 


30 


2A4-I/0 


12 


2B4-I/0 


41 


2CLKBA 


29 


2A3-I/0 


11 


2B3-I/0 


40 


1CLKBA 


28 


2A2-I/0 


10 


2B2-I/0 


39 


2LEAB 


27 


2A1-I/0 


9 


2B1-I/0 


38 


1LEAB 


26 


1A9-I/0 


8 


1B9-I/0 


37 


2LEBA 


25 


1A8-I/0 


7 


1B8-I/0 


36 


1LEBA 


24 


1A7-I/0 


6 


1B7-I/0 






23 


1A6-I/0 


5 


1B6-I/0 






22 


1A5-I/0 


4 


1B5-I/0 






21 


1A4-I/0 


3 


1B4-I/0 






20 


1A3-I/0 


2 


1B3-I/0 






19 


1A2-I/0 


1 


1B2-I/0 






18 


1A1-I/0 


0 


1B1-I/0 
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boundary-control register 

The boundary-control register (BCR) is three bits long. The BCR is used in the context of the boundary-run test 
(RUNT) instruction to implement additional test operations not included in the basic SCOPE instruction set. 
Such operations include PRPG, PSA, and binary count up (COUNT). Table 4 shows the test operations that 
are decoded by the BCR. 

During Capture-DR, the contents of the BCR are not changed. At power up or in Test-Logic-Reset, the BCR is 
reset to the binary value 010, which selects the PSA test operation. The BCR order of scan is shown in 
Figure 3. 



Bit 2 




Bit 1 




BItO 


(MSB) 


► 


► 


(LSB) 



>TDO 



Figure 3. Boundary-Control Register Order of Scan 

bypass register 

The bypass register is a 1-bit scan path that can be selected to shorten the length of the system scan path, 
reducing the number of bits per test pattern that must be applied to complete a test operation. During 
Capture-DR, the bypass register captures a logic 0. The bypass register order of scan is shown in 
Figure 4. 





BItO 




> 


► 



TDO 



Figure 4. Bypass Register Order of Scan 



^ Texas 
Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 5-1 3 



SN54ABTH18502A, SN54ABTH182502A, SN74ABTH18502A, SN74ABTH182502A 
SCAN TEST DEVICES 

WITH 18-BIT UNIVERSAL BUS TRANSCEIVERS 

SCBS164E - AUGUST 1 993 - REVISED DECEMBER 1996 



device-identification register 

The device-identification register (IDR) is 32 bits long. It can be selected and read to identify the manufacturer, 
part number, and version of this device. 

For the 'ABTH18502A, the binary value 000000000000001001 110000001 01111 (0002702F, hex) is captured 
(during Capture-DR state) in the IDR to identify this device as Texas Instruments SN54/74ABTH18502A. 

For the 'ABTH 182502 A , the binary value 000000000000001 01 011 0000001 01 1 1 1 (0002B02F, hex) is captured 
(during Capture-DR state) in the IDR to identify this device as Texas Instruments SN54/74ABTH182502A. 

The IDR order of scan is from TDI through bits 31-0 to TDO. Table 2 shows the IDR bits and their significance. 



Table 2. Device-Identification Register Configuration 



IDR BIT 
NUMBER 


IDENTIFICATION 
SIGNIFICANCE 


IDR BIT 
NUMBER 


IDENTIFICATION 
SIGNIFICANCE 


IDR BIT 
NUMBER 


IDENTIFICATION 
SIGNIFICANCE 


31 


VERSION3 


27 


PARTNUMBER15 


11 


MANUFACTURER10T 


30 


VERSION2 


26 


PARTNUMBER14 


10 


MANUFACTURER09T 


29 


VERSION1 


25 


PARTNUMBER13 


9 


MANUFACTURER08T 


28 


VERSION0 


24 


PARTNUMBER12 


8 


MANUFACTURER07T 






23 


PARTNUMBER11 


7 


MANUFACTURER06T 






22 


PARTNUMBER10 


6 


MANUFACTURER05T 






21 


PARTNUMBER09 


5 


MANUFACTURER04T 






20 


PARTNUMBER08 


4 


MANUFACTURER03T 






19 


PARTNUMBER07 


3 


MANUFACTURER02T 






18 


PARTNUMBER06 


2 


MANUFACTURER01T 






17 


PARTNUMBER05 


1 


MANUFACTUREROOt 






16 


PARTNUMBER04 


0 


LOGIC1T 






15 


PARTNUMBER03 










14 


PARTNUMBER02 










13 


PARTNUMBER01 










12 


PARTNUMBER00 







t Note that for Tl products, bits 11-0 of the device-identification register always contain the binary value 000000101111 
(02F, hex). 
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instruction-register opcode description 

The instruction-register opcodes are shown in Table 3. The following descriptions detail the operation of each 
instruction. 



Table 3. Instruction-Register Opcodes 



BINARY CODEt 
BIT 7-» BIT 0 

HOD . 1 CD 

MSB — » LSB 


SCOPE OPCODE 


DESCRIPTION 


<!FI FPTPn RATA 

REGISTER 


MODE 


00000000 


EXTEST 


Boundary scan 


Boundary scan 


Test 


i 000000 l 




Identification read 


Device identification 


Normal 


1 0000010 


bAMPLt/rncLOAD 


Sample boundary 


Boundary scan 


Normal 


00000011 


n\/nA ep+ 

BYPASS* 


Bypass scan 


Bypass 


Normal 




D T rnOOt 


Bypass scan 


Bypass 


Normal 


00000101 


BYPASS* 


Bypass scan 


Bypass 


Normal 


00000110 


HIGHZ 


Control boundary to high impedance 


Bypass 


Modified test 


10000111 


CLAMP 


Control boundary to 1/0 


Bypass 


Test 


10001000 


BYPASS* 


Bypass scan 


Bypass 


Normal 


00001001 


RUNT 


Boundary-run test 


Bypass 


Test 


00001010 


READBN 


Boundary read 


Boundary scan 


Normal 


10001011 


READBT 


Boundary read 


Boundary scan 


Test 


00001100 


CELLTST 


Boundary self test 


Boundary scan 


Normal 


10001101 


TOPHIP 


Boundary toggle outputs 


Bypass 


Test 


10001110 


SCANCN 


Boundary-control register scan 


Boundary control 


Normal 


00001111 


SCANCT 


Boundary-control register scan 


Boundary control 


Test 


All others 


BYPASS 


Bypass scan 


Bypass 


Normal 



t Bit 7 is used to maintain even parity in the 8-bit instruction. 

t The BYPASS instruction is executed in lieu of a SCOPE instruction that is not supported in the 'ABTH18502A or 'ABTH182502A. 



boundary scan 

This instruction conforms to the IEEE Standard 1149.1-1990 EXTEST instruction. The BSR is selected in the 
scan path. Data appearing at the device input and I/O pins is captured in the associated BSCs. Data that has 
been scanned into the I/O BSCs for pins in the output mode is applied to the device I/O pins. Data present at 
the device pins, except for output-enables, is passed through the BSCs to the normal on-chip logic. For I/O pins, 
the operation of a pin as input or output is determined by the contents of the output-enable BSCs (bits 47-44 
of the BSR). When a given output enable is active (logic 0), the associated I/O pins operate in the output mode. 
Otherwise, the I/O pins operate in the input mode. The device operates in the test mode. 

identification read 

This instruction conforms to the IEEE Standard 1149.1-1990 IDCODE instruction. The IDR is selected in the 
scan path. The device operates in the normal mode. 

sample boundary 

This instruction conforms to the IEEE Standard 1149.1-1990 SAMPLE/PRELOAD instruction. The BSR is 
selected in the scan path. Data appearing at the device input pins and I/O pins in the input mode is captured 
in the associated BSCs, while data appearing at the outputs of the normal on-chip logic is captured in the BSCs 
associated with I/O pins in the output mode. The device operates in the normal mode. 
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bypass scan 

This instruction conforms to the IEEE Standard 1149.1-1990 BYPASS instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. The device 
operates in the normal mode. 

control boundary to high Impedance 

This instruction conforms to the IEEE Standard 1149.1a-1993 HIGHZ instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. The device 
operates in a modified test mode in which all device I/O pins are placed in the high-impedance state, the device 
input pins remain operational, and the normal on-chip logic function is performed. 

control boundary to 1/0 

This instruction conforms to the IEEE Standard 11 49.1 a-1 993 CLAMP instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. Data in the I/O 
BSCs for pins in the output mode is applied to the device I/O pins. The device operates in the test mode. 

boundary-run test 

The bypass register is selected in the scan path. A logic 0 value is captured in the bypass register during 
Capture-DR. The device operates in the test mode. The test operation specified in the BCR is executed during 
Run-Test/Idle. The five test operations decoded by the BCR are: sample inputs/toggle outputs (TOPSIP), 
PRPG, PSA, simultaneous PSA and PRPG (PSA/PRPG), and simultaneous PSA and binary count up 
(PSA/COUNT). 

boundary read 

The BSR is selected in the scan path. The value in the BSR remains unchanged during Capture-DR. This 
instruction is useful for inspecting data after a PSA operation. 

boundary self test 

The BSR is selected in the scan path. All BSCs capture the inverse of their current values during Capture-DR. 
In this way, the contents of the shadow latches can be read out to verify the integrity of both shift-register and 
shadow-latch elements of the BSR. The device operates in the normal mode. 

boundary toggle outputs 

The bypass register is selected in the scan path. A logic 0 value is captured in the bypass register during 
Capture-DR. Data in the shift-register elements of the selected output-mode BSCs is toggled on each rising 
edge of TCK in Run-Test/Idle, updated in the shadow latches, and applied to the associated device I/O pins on 
each falling edge of TCK in Run-Test/ldle. Data in the input-mode BSCs remains constant. Data appearing at 
the device input or I/O pins is not captured in the input-mode BSCs. The device operates in the test mode. 

boundary-control-register scan 

The BCR is selected in the scan path. The value in the BCR remains unchanged during Capture-DR. This 
operation must be performed before a RUNT operation to specify which test operation is to be executed. 
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boundary-control-register opcode description 

The BCR opcodes are decoded from BCR bits 2-0 as shown in Table 4. The selected test operation is performed 
while the RUNT instruction is executed in the Run-Test/Idle state. The following descriptions detail the operation 
of each BCR instruction and illustrate the associated PSA and PRPG algorithms. 



Table 4. Boundary-Control Register Opcodes 



BINARY CODE 
BIT 2 -> BIT 0 
MSB -> LSB 


DESCRIPTION 


XOO 


Sample inputs/toggle outputs (TOPSIP) 


X01 


Pseudo-random pattern generation/36-bit mode (PRPG) 


X10 


Parallel-signature analysis/36-bit mode (PSA) 


011 


Simultaneous PSA and PRPG/1 8-bit mode (PSA/PRPG) 


111 


Simultaneous PSA and binary count up/1 8-bit mode (PSA/COUNT) 



While the control input BSCs (bits 47-36) are not included in the toggle, PSA, PRPG, or COUNT algorithms, 
the output-enable BSCs (bits 47-44 of the BSR) control the drive state (active or high impedance) of the selected 
device output pins. These BC R instru cti ons are valid only wh en both b ytes of the device are operating in one 
direction of data flo w (that is, 1 0EAB* 1 0EBA a nd 20EAB * 20EBA) and in the same direction of data flow 
(that is, 10EAB = 20EAB and 10EBA= 20EBA). Otherwise, the bypass instruction is operated. 

sample inputs/toggle outputs (TOPSIP) 

Data appearing at the selected device input-mode I/O pins is captured in the shift-register elements of the 
associated BSCs on each rising edge of TCK. Data in the shift-register elements of the selected output-mode 
BSCs is toggled on each rising edge of TCK, updated in the shadow latches, and applied to the associated 
device I/O pins on each falling edge of TCK. 
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pseudo-random pattern generation (PRPG) 

A pseudo-random pattern is generated in the shift-register elements of the selected BSCs on each rising edge 
of TCK, updated in the shadow latches, and applied to the associated device output-mode I/O pins on each 
falling edge of TCK. Figures 5 and 6 illustrate the 36-bit linear-feedback shift-register algorithms through which 
the patterns are generated. An initial seed value should be scanned into the BSR before performing this 
operation. A seed value of all zeroes does not produce additional patterns. 



2A9-I/0 2A8-I/0 2A7-I/0 2A6-I/0 2A5-I/0 2A4-I/0 2A3-I/0 2A2-I/0 2A1-I/0 













































► 


► 


► 


► 


► 


► 


► 


► 






1 

— ► 


A9-I/ 


0 1 
► 


A8-I/ 


0 

H 


1 


A7-I/ 


0 1 
► 


A6-I/ 


0 1 
► 


A5-I/ 


0 1 
► 


A4-I/ 


0 1 
► 


A3-I/ 


0 1 
► 


A2-I/ 


0 1 
► 


A1-I/ 


0 








— ► 


I 


► 


I 


— ► 


I 


► 




► 




► 


i 


► 


1 


► 




► 


i 





2B9-I/0 2B8-I/0 2B7-I/0 2B6-I/0 2B5-I/0 2B4-I/0 2B3-I/0 2B2-I/0 2B1-I/0 



t T 



1B9-I/0 1B8-I/0 1B7-I/0 1B6-I/0 1B5-I/0 1B4-I/0 1B3-I/0 1B2-I/0 1B1-I/0 



Figure 5. 36-Bit PRPG Configuration (10EAB = 20EAB = 0, 10EBA = 20EBA = 1) 
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pseudo-random pattern generation (PRPG) (continued) 

2B9-I/0 2B8-I/0 2B7-I/0 2B6-I/0 2B5-I/0 2B4-I/0 2B3-I/0 2B2-I/0 2B1-I/0 



1B9-I/0 1B8-I/0 1B7-I/0 1B6-I/0 1B5-I/0 1B4-I/0 1B3-I/0 1B2-I/0 1B1-I/0 



2A9-I/0 2A8-I/0 2A7-I/0 2A6-I/0 2A5-I/0 2A4-I/0 2A3-I/0 2A2-I/0 2A1-I/0 



©■3> 



r t i 



1A9-I/0 1A8-I/0 1A7-I/0 1A6-I/0 1A5-I/0 1A4-I/0 1A3-I/0 1A2-I/0 1A1-I/0 



Figure 6. 36-Bit PRPG Configuration (10EAB = 20EAB = 1, 10EBA = 20EBA = 0) 
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parallel-signature analysis (PSA) 

Data appearing at the selected device input-mode I/O pins is compressed into a 36-bit parallel signature in the 
shift-register elements of the selected BSCs on each rising edge of TCK. Data in the shadow latches of the 
selected output-mode BSCs remains constant and is applied to the associated device I/O pins. Figures 7 and 8 
illustrate the 36-bit linear-feedback shift-register algorithms through which the signature is generated. An initial 
seed value should be scanned into the BSR before performing this operation. 

2A9-I/0 2A8-I/0 2A7-I/0 2A6-I/0 2A5-I/0 2A4-I/0 2A3-I/0 2A2-I/0 2A1-I/0 



L 1 1 1 1 1 1 1 J 



0 



© 



© 



© 



© 



© 



© 



© 



1A9-I/0 1A8-I/0 1A7-I/0 1A6-I/0 1A5-I/0 1A4-I/0 1A3-I/0 1A2-I/0 1A1-I/0 

Jl 1 i 1 1 1 1 1 i 



.© 



© 



© 



.© 



© 



© 



,©_©_»© 



©* 



©=X> 



2B9-I/0 2B8-I/0 2B7-I/0 2B6-I/0 2B5-I/0 2B4-I/0 2B3-I/0 2B2-I/0 2B1-I/0 



1B9-I/0 1B8-I/0 1B7-I/0 1B6-I/0 1B5-I/0 1B4-I/0 1B 3-1/0 1B2-I/0 1B1-I/0 



Figure 7. 36-Bit PSA Configuration (10EAB = 20EAB = 0, 10EBA = 20EBA = 1) 
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parallel-signature analysis (PSA) (continued) 



0 
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2A9-I/0 2A8-I/0 2A7-I/0 2A6-I/0 2A5-I/0 2A4-I/0 2A3-I/0 2A2-I/0 2A1-I/0 



1A9-I/0 1A8-I/0 1A7-I/0 1A6-1/0 1A5-I/0 1A4-I/0 1A3-I/0 1A2-I/0 1A1-I/0 



Figure 8. 36-Bit PSA Configuration (10EAB = 20EAB = 1, 10EBA = 20EBA = 0) 
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simultaneous PSA and PRPG (PSA/PRPG) 

Data appearing at the selected device input-mode I/O pins is compressed into an 1 8-bit parallel signature in 
the shift-register elements of the selected input-mode BSCs on each rising edge of TCK. At the same time, an 
1 8-bit pseudo-random pattern is generated in the shift-register elements of the selected output-mode BSCs on 
each rising edge of TCK, updated in the shadow latches, and applied to the associated device I/O pins on each 
falling edge of TCK. Figures 9 and 1 0 illustrate the 1 8-bit linear-feedback shift-register algorithms through which 
the signature and patterns are generated. An initial seed value should be scanned into the BSR before 
performing this operation. A seed value of all zeroes does not produce additional patterns. 

2A9-I/0 2A8-I/0 2A7-I/0 2A6-I/0 2A5-I/0 2A4-I/0 2A3-I/0 2A2-I/0 2A1-I/0 
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© 



© 
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r T T T T T 



2B9-I/0 2B8-I/0 2B7-I/0 2B6-I/0 2B5-I/0 2B4-I/0 2B3-I/Q 



2B2-I/0 2B1-I/0 



I/O 1B8-I/0 1B7-I/0 1B6-I/0 1B5-I/0 1B4-I/0 1B3-I/0 1B2-I/0 1B1-I/0 



Figure 9. 18-Bit PSA/PRPG Configuration (10EAB = 20EAB = 0, 10EBA = 20EBA = 1) 
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simultaneous PSA and PRPG (PSA/PRPG) (continued) 
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Figure 10. 18-Bit PSA/PRPG Configuration (10EAB = 20EAB = 1, 10EBA = 20EBA = 0) 
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simultaneous PSA and binary count up (PSA/COUNT) 

Data appearing at the selected device input-mode I/O pins is compressed into an 1 8-bit parallel signature in 
the shift-register elements of the selected input-mode BSCs on each rising edge of TCK. At the same time, an 
1 8-bit binary count-up pattern is generated in the shift-register elements of the selected output-mode BSCs on 
each rising edge of TCK, updated in the shadow latches, and applied to the associated device I/O pins on each 
falling edge of TCK. Figures 1 1 and 1 2 illustrate the 1 8-bit linear-feedback shift-register algorithms through 
which the signature is generated. An initial seed value should be scanned into the BSR before performing this 
operation. 

2A9-I/0 2A8-I/0 2A7-I/0 2A6-I/0 2A5-I/0 2A4-I/0 2A3-I/0 2A2-I/0 2A1-I/0 




i. i 1 1 1 1 i 



1A9-I/0 1A8-I/0 1A7-I/0 1A6-I/0 1A5-I/0 1A4-I/0 1A3-I/0 1A2-I/0 1A1-I/0 

L. JLJL_LJLJL.J_JLi 



© 



© 



© 



© 



© 



© 



© 



© 



© 



MSB 



©I-©-! 



ggggggggg 

2B9-I/0 2B8-I/0 2B7-I/0 2B6-I/0 2B5-I/0 2B4-I/0 2B3-I/0 2B2-I/0 2B1-1/0 



LSB 



(■f) = _)) 'j- 1B9-I/0 1B8-I/0 1B7-I/0 1B6-I/0 1B5-I/0 1B4-I/0 1B3-I/0 1B2-I/0 1B1-I/0 

Figure 11. 18-Bit PSA/COUNT Configuration (10EAB = 20EAB = 0, 10EBA = 20EBA = 1) 
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simultaneous PSA and binary count up (PSA/COUNT) (continued) 

2B9-I/0 2B8-I/0 2B7-I/0 2B6-I/0 2B5-I/0 2B4-I/0 2B3-I/0 2B2-I/0 2B1-I/0 



,©_©_©_©_©__©_*©.„©_© 



1B9-I/0 1B8-I/0 1B7-I/0 1B6-I/0 1B5-I/0 1B4-I/0 1B3-I/0 1B2-I/0 1B1-I/0 

i. 1 1 1 1 1 1 1 j 



.©_©_-©_©_©_© 



© 



© 



© 



MSB 



ggggggggg 

2A9-I/0 2A8-I/0 2A7-I/0 2A6-I/0 2A5-I/0 2A4-I/0 2A3-I/0 2A2-I/0 2A1-I/0 

■h g g g g g g g g g 

= _ JJ J - 1A9-I/0 1A8-I/0 1A7-I/0 1A6-I/0 1A5-I/0 1A4-I/0 1A3-I/0 1A2-I/0 1A1-I/0 

Figure 12. 18-Bit PSA/COUNT Configuration (10EAB = 20EAB = 1, 10EBA = 20EBA = 0) 
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timing description 

All test operations of the 'ABTH18502A and 'ABTH182502A are synchronous to TCK. Data on the TDI, TMS, 
and normal-function inputs is captured on the rising edge of TCK. Data appears on the TDO and normal-function 
output pins on the falling edge of TCK. The TAP controller is advanced through its states (as shown in Figure 1 ) 
by changing the value of TMS on the falling edge of TCK and then applying a rising edge to TCK. 

A simple timing example is shown in Figure 13. In this example, the TAP controller begins in the 
Test-Logic-Reset state and is advanced through its states, to perform one instruction-register scan and one 
data-register scan. While in the Shift-IR and Shift-DR states, TDI is used to input serial data, and TDO is used 
to output serial data. The TAP controller is then returned to the Test-Logic-Reset state. Table 5 details the 
operation of the test circuitry during each TCK cycle. 



Table 5. Explanation of Timing Example 



CYCLE(S) 


TAD CTATC 

AFTER TCK 


DESCRIPTION 


1 


Test-Logic-Reset 


TMS is changed to a logic 0 value on the falling edge of TCK to begin advancing the TAP controller toward 
the desired state. 


2 


Run-Test/Idle 




3 


Select-DR-Scan 




4 


Select-IR-Scan 




5 


Capture-IR 


The IR captures the 8-bit binary value 10000001 on the rising edge of TCK as the TAP controller exits the 
Capture-IR state. 


6 


Shift-IR 


TDO becomes active and TDI is made valid on the falling edge of TCK. The first bit is shifted into the TAP on 
the rising edge of TCK as the TAP controller advances to the next state. 


7-13 


Shift-IR 


One bit is shifted into the IR on each TCK rising edge. With TDI held at a logic 1 value, the 8-bit binary value 
1 1 11 1 1 1 1 is serially scanned into the IR. At the same time, the 8-bit binary value 1 0000001 is serially scanned 
out of the IR via TDO. In TCK cycle 1 3, TMS is changed to a logic 1 value to end the IR scan on the next TCK 
cycle. The last bit of the instruction is shifted as the TAP controller advances from Shift-IR to Exit1-IR. 


14 


ExitMR 


TDO becomes inactive (goes to the high-impedance state) on the falling edge of TCK. 


15 


Update-IR 


The IR is updated with the new instruction (BYPASS) on the falling edge of TCK. 


16 


Select-DR-Scan 




17 


Capture-DR 


The bypass register captures a logic 0 value on the rising edge of TCK as the TAP controller exits the 
Capture-DR state. 


18 


Shift-DR 


TDO becomes active and TDI is made valid on the falling edge of TCK. The first bit is shifted into the TAP on 
the rising edge of TCK as the TAP controller advances to the next state. 


19-20 


Shift-DR 


The binary value 101 is shifted in via TDI, while the binary value 010 is shifted out via TDO. 


21 


Exit1-DR 


TDO becomes inactive (goes to the high-impedance state) on the falling edge of TCK. 


22 


Update-DR 


In general, the selected data register is updated with the new data on the falling edge of TCK. 


23 


Select-DR-Scan 




24 


Select-IR-Scan 




25 


Test-Logic-Reset 


Test operation completed 
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timing description (continued) 



1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 10 19 20 21 22 23 24 25 

™ jinjmrinjrriJTJTJ^^ 



TMS 



TDI 



TDO 



i_r 
n 



TAP 
Controller 
State 



cc 


c 


oc 


ate-l 


-Sea 


ire-D 


Upd 


t-DR 


aptu 




Selec 


O 







M-DR 


te-DR 


-Scan 


-Scan 


:-Reset 


X 


(0 


cc 


cc 


ill 


■D 
Q. 


a 




o> 




3 


ect 


lec 


Lo 






Sel 




Test- 



EvQ 3-State (TDO) or Don't Care (TDI) 
Figure 13. Timing Example 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, V<x _0 - 5 V to 7 V 

Input voltage range, V|: except I/O ports (see Note 1) -0.5 V to 7 V 

I/O ports (see Note 1) -0.5 V to 5.5 V 

Voltage range applied to any output in the high state or power-off state, Vq -0.5 V to 5.5 V 

Current into any output in the low state, Iq: SN54ABTH18502A 96 mA 

SN54ABTH182502A(AportorTDO) 96 mA 

SN54ABTH182502A(Bport) 30 mA 

SN74ABTH18502A 128 mA 

SN74ABTH182502A(AportorTDO) 128 mA 

SN74ABTH182502A(Bport) 30 mA 

Input clamp current, I|k (V| < 0) -1 8 mA 

Output clamp current, Iok (Vo < 0) -50 mA 

Continuous current through Vcc 576 mA 

Continuous current through GND 1 1 52 mA 

Maximum power dissipation at Ta = 55°C (in still air) (see Note 2): PM package 1 W 

Storage temperature range, T s t g -65°C to 1 50°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 
NOTES: 1 . The input and output negative-voltage ratings can be exceeded if the input and output clamp-current ratings are observed. 

2. The maximum package power dissipation is calculated using a junction temperature of 150°C and a board trace length of 75 mils. 
For more information, refer to the Package Thermal Considerations application note in the ABT Advanced BiCMOS Technology Data 
Book, literature number SCBD002. 
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recommended operating conditions 







SN54ABTH18502A 


SN74ABTH18502A 


UNIT 






MIN 


MAX 


MIN 


MAX 


vcc 


Supply voltage 


4.5 


5.5 


4.5 


5.5 


V 


V|H 


High-level input voltage 


2 


2 


V 


V|L 


Low-level input voltage 


0.8 


0.8 


V 


V| 


Input voltage 


0 


vcc 


0 


vcc 


V 


'OH 


High-level output current 


-24 


-32 


mA 


tOL 


Low-level output current 


48 


64 


mA 


At/Av 


Input transition rise or fall rate 


10 


10 


ns/V 


T A 


Operating free-air temperature 


-55 


125 


-40 


85 


°C 



5-28 



Texas 
Instruments 

POST OFFICE BOX 655303 • DALLAS. TEXAS 75265 



SN54ABTH18502A, SN54ABTH182502A, SN74ABTH18502A, SN74ABTH182502A 

SCAN TEST DEVICES 
WITH 18-BIT UNIVERSAL BUS TRANSCEIVERS 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


SN54ABTH18502A 


UNIT 


Ta = 25°C 


Ta = -55°C to125°C 


MIN TYPt MAX 


MIN MAX 


V|K 


Vcc = 4.5 V, l| = -18mA 


-1.2 


-1.2 


V 


VOH 


Vcc = 4 -5 V, Ioh = -3 mA 


2.5 


2.5 


V 


Vcc = 5 V, Ioh = -3 mA 


3 


3 


Vcc = 4.5 V, Iqh = -24 mA 


2 


2 


vol 


Vcc = 4.5 V, let = 48 mA 


0.55 


0.55 


V 


ii 


CLK, LE, TCK 
Vcc = 0 to 5.5 V, 


Vcc = 0 to 5.5 V, V| = VccorGND 


±1 


±1 


HA 


A or B ports 


Vcc = 5.5 V, V| = V C corGND 


+20 


±20 


llH 


OE, TDI, TMS 


V C C = 5.5 V, V| = V CC 


10 


10 


HA 


IlL 


OE, TDI, TMS 


Vcc = 5.5 V, V| = GND 


-40 -150 


-40 -150 


(XA 


'Khold)* 


A or B ports 


V C C = 4.5 V 


V| = 0.8 V 


75 220 500 


75 500 


jiA 


V| = 2V 


—10 — loU — ouu 


— / o — ouu 


'OZH 


TDO 


Vcc = 2.1 V to 5.5 V, 
Vq = 2.7 V, OE = 2 V 


10 


10 


HA 


'OZL 


TDO 


V C C = 2.1 Vto 5.5 V, 
Vq = 0.5 V, OE = 2 V 


-10 


-10 


HA 


'OZPU 


TDO 


Vcc = 0 to 2.1 V, 

Vq = 2.7 V or 0.5 V, OE = 0.8 V 


±50 


±50 


HA 


'OZPD 


TDO 


Vcc = 2.1 Vto 0, 

Vq = 2.7 V or 0.5 V, OE = 0.8 V 


±OU 




ii A 

HA 


'off 


Vcc = 0. V|orV 0 <4.5V 


±100 




HA 


'CEX | Outputs high 


Vcc = 5.5 V, Vq = 5.5 V 


50 


50 


HA 


l 0 § 


Vcc = 5.5 V, V 0 = 2.5 V 


-50 -110 -200 


-50 -200 


mA 


'cc 


Outputs high 


V C C = 5.5 V, 

io = o, 

V| = Vcc or GN° 


A or B ports 


1.6 5.5 


5.5 


mA 


Outputs low 


19 24 


> 24 


Outputs disabled 


0.9 3.6 


3.6 


Alec 11 


Vcc = 5.5 V, One input at 3.4 V, 
Other inputs at Vcc or GND 


1.5 


1.5 


mA 


Ci 


Control inputs 


V| = 2.5 V or 0.5 V 


7 




PF 


Cj 0 


A or B ports 


Vq = 2.5 V or 0.5 V 


10 




pF 


Co 


TDO 


Vq = 2.5 V or 0.5 V 


7 




PF 



t All typical values are at Vcc = 5 V. 

$ The parameter l|( n old) includes the off-state output leakage current. 

§ Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 
^ This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND- 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


SN74ABTH18502A 


UNIT 


Ta = 25°C 


Ta = -40°C to 85°C 


MIN TYPt MAX 


MIN MAX 


V|K 


Vcc = 4.5V, l|=-18mA 


-1.2 


-1.2 


V 


VOH 


Vcc = 4.5 V, Iqh = -3 mA 


2.5 


2.5 


V 


Vcc = 5 V, Iqh = -3 mA 


3 


3 


V CC = 4.5V 


Iqh = -24 mA 


2 




lOH = -32 mA 


2 


2 


vol 


V CC = 4.5V 


lOL = 48 mA 


0.55 




V 


Iql = 64 mA 


0.55 


0.55 


ii 


CLK, LE, TCK 


Vcc = 0 to 5.5 V, V| = Vcc or GND 


±1 


±1 


HA 


A or B ports 


Vcc = 5.5 V, V| - Vcc or GND 


±20 


±20 


l|H 


OE, TDI.TMS 


V C C = 5.5 V, V| = V C C 


10 


10 


HA 


l|L 


OE, TDI.TMS 


Vcc = 5.5 V, V| = GND 


-40 -150 


-40 -150 


ixA 


l|(hold)* 


A or B ports 


V C C = 4.5 V 


V| = 0.8 V 


75 220 500 


75 500 


ii A 


V| = 2V 


-75 -180 -500 


-75 -500 


'OZH 


TDO 


V C C = 2.1 V to 5.5 V, 
Vq = 2.7 V, OE = 2 V 


10 


10 


HA 


'OZL 


TDO 


Vcc = 2.1 V to 5.5 V, 
Vq = 0.5 V, OE = 2 V 


-10 


-10 


HA 


'OZPU 


TDO 


V C C = 0 to 2.1 V, 

Vq = 2.7 V or 0.5 V, OE = 0.8 V 


±50 


±50 


|iA 


■OZPD 


TDO 


Vcc = 2.1 V to 0, 

V 0 = 2.7 V or 0.5 V, OE = 0.8 V 


±50 


±50 


(lA 


'off 


Vcc = 0, V|orVo<4.5V 


±100 


+100 


HA 


>CEX 


Outputs high 


V C C = 5.5 V, V 0 = 5.5 V 


50 


50 


HA 


io§ 




V C C = 5.5 V, Vq = 2.5V 


-50 -110 -200 


-50 -200 


mA 


ice 


Outputs high 


V C C = 5.5 V, 

i 0 = o, 

V| = Vcc or GND 


A or B ports 


1.6 2.2 


2.2 


mA 


Outputs low 


19 24 


24 


Outputs disabled 


0.9 2 


2 


Alcc^ 


Vcc = 5.5 V, One input at 3.4 V, 
Other inputs at Vcc or GND 


1.5 


1.5 


mA 


Cj 


Control inputs 


V| = 2.5 V or 0.5 V 


5 




PF 


Cj 0 


A or B ports 


Vq = 2.5 V or 0.5 V 


10 




PF 


Co 


TDO 


Vq = 2.5 V or 0.5 V 


8 




PF 



t All typical values are at Vcc = 5 V. 

+"The parameter lipoid) includes the off-state output leakage current. 

§ Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 
^ This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND - 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (normal mode) (see Figure 14) 











SN54ABTH18502A 


SN74ABTH18502A 


UNIT 










MIN 


MAX 


MIN 


MAX 


'clock 


Clock frequency 


CLKAB or CLKBA 


0 


100 


0 


100 


MHz 




Pulse duration 


CLKAB or CLKBA high or low 


3.8 


3.5 


ns 


t w 


LEAB or LEBA high 


3.5 


3.5 






A before CLKAB? or B before CLKBA? 


3.5 


3.5 




*su 


Setup time 


A before LEABi- or B before LEBAl 


CLK high 


4.0 


3.5 


ns 






CLK low 


2 


2 




th 


Hold time 


A after CLKAB? or B after CLKBA? 


2.9 


0.5 


ns 


A after LEABJ, or B after LEBAi 


4.0 


3 


timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (test mode) (see Figure 14) 










SN54ABTH18502A 


SN74ABTH18502A 


UNIT 










MIN 


MAX 


MIN 


MAX 


'clock 


Clock frequency 


TCK 


0 


50 


0 


50 


MHz 


t w 


Pulse duration 


TCK high or low 


8 


8 


ns 






A, B, CLK, LE, or OE before TCK? 


6 


6 




*su 


Setup time 


TDI before TCK? 


4.5 


4.5 


ns 






TMS before TCK? 


3 


3 








A, B, CLK, LE, or OE after TCK? 


2.9 


1.5 




th 


Hold time 


TDI after TCK? 


1 


1 


ns 






TMS after TCK? 


1.5 


1.5 




td 


Delay time 


Power up to TCK? 


50* 


50 


ns 


t r Rise time 


Vcc power up 


1* 


1 


US 



* On products compliant to MIL-PRF-38535, this parameter is not production tested. 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (normal mode) (see Figure 14) 









SN54ABTH18502A 




PARAMETER 


CDOM 

rnUlVl 
(INPUT) 


TO 

(OUTPUT) 


V C C = 5 V, 
T A = 25°C 


Vcc = 4.5 V to 5.5 V, 
Ta = -55°C to125°C 


UNIT 








MIN 


TYP 


MAX 


MIN 


MAX 




'max 


CLKAB or CLKBA 




100 


130 




100 


MHz 


tp[_|-| 


AorB 


B or A 


1.5 


3.1 


5 


1.5 


6 


ns 


tPHL 


1.5 


3.6 


5 


1.5 


6 


tPLH 


CLKAB or CLKBA 


B or A 


1.5 


3.7 


5.2 


1.5 


6.4 


ns 


l PHL 


1.5 


3.8 


5.2 


1.5 


6.4 


tPLH 


LEAB or LEBA 


B or A 


1.5 


3.9 


5.5 


1.5 


6.5 


ns 


tPHL 


1.5 


3.6 


5.5 


1.5 


6.5 


tpZH 


OEAB or OEBA 


Bor A 


1.5 


4 


5.8 


1.5 


7.5 


ns 


tpZL 


1.5 


4.2 


5.8 


1.5 


7.5 


tPHZ 


OEAB or OEBA 


Bor A 


2.8 


5.9 


7.2 


2.8 


8.9 


ns 


l PLZ 


2 


4.5 


6 


2 


7.5 



switching characteristics over recommended ranqes of supply voltage and operating free-air 
temperature (unless otherwise noted) (normal mode) (see Figure 14) 









SN74ABTH18502A 




PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


VCC = 5 V, 
Ta = 25°C 


Vcc = 4.5 V to 5.5 V, 
Ta = -40°C to 85°C 


UNIT 








MIN 


TYP 


MAX 


MIN 


MAX 




'max 


CLKAB or CLKBA 




100 


130 




100 


MHz 


tPLH 


AorB 


Bor A 


1.5 


3.1 


5 


1.5 


5.5 


ns 


tpHL 


1.5 


3.6 


5 


1.5 


5.5 


l PLH 


CLKAB or CLKBA 


Bor A 


1.5 


3.7 


5 


1.5 


5.5 


ns 


l PHL 


1.5 


3.8 


5 


1.5 


5.5 


tPLH 


LEAB or LEBA 


Bor A 


1.5 


3.9 


5.5 


1.5 6 


ns 


l PHL 


1.5 


3.6 


5.5 


1.5 


6 


tpZH 


OEAB or OEBA 


Bor A 


1.5 


4 


5.8 


1.5 


7 


ns 


tpZL 


1.5 


4.2 


5.8 


1.5 


7 


l PHZ 


OEAB or OEBA 


Bor A 


3 


5.9 


7 


3 


8 


ns 


tPLZ 


2 


4.5 


6 


2 


7 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (test mode) (see Figure 14) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


VCC = 5 V, 
T A = 25°C 


SN54ABTH18502A 


SN74ABTH18502A 


UNIT 




MIN 


TYP 


MAX 


MIN 


MAX 


MIN 


MAX 




'max 


TCK 




50 


90 




50 


50 


MHz 


tpLH 


TCK4- 


A orB 


2.5 


7.4 


11 


2.5 


14.5 


2.5 


13.1 


ns 


*PHL 


2.5 


7.6 


10.8 


2.5 


14 


2.5 


12.4 


tPLH 


TCK<L 


TDO 


2 


3.8 


5.1 


2 


7 


2 


5.6 


ns 


tPHL 


2 


4 


5.1 


2 


7 


2 


5.6 


IPZH 


TCK4. 


AorB 


4 


8 


11.5 


4 


14.5 


4 


13.4 


ns 


tpZL 


4 


8 


11.8 


4 


15 


4 


13.6 


tpZH 


TCKJ- 


TDO 


2 


3.9 


5.7 


2 


7.5 


2 


6.6 


ns 


tpZL 


2 


4.2 


6.2 


2 


8 


2 


6.9 


tPHZ 


TCK1 


AorB 


4 


10.8 


13 


4 


18 


4 


15 


ns 


tPLZ 


3 


9.1 


13.3 


3 


17.5 


3 


15 


tPHZ 


TCK4- 


TDO 


3 


5.3 


6.8 


3 


8 


3 


7.2 


ns 


tPLZ 


2.5 


4.2 


5.5 


2.5 


8 


2.5 


6.3 
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recommended operating conditions 









SN54ABTH182502A 


SN74ABTH182502A 


UNIT 








MIN 


MAX 


MIN 


MAX 


vcc 


Supply voltage 




4.5 


5.5 


4.5 


5.5 


V 


V|H 


High-level input voltage 




2 




2 


V 


V|L 


Low-level input voltage 




^0.8 


0.8 


V 


V| 


Input voltage 




0 




0 


vcc 


V 


'OH 


High-level output current 


A port, TDO 


A K "24 


-32 


mA 


Bport 




-12 


-12 


lOL 


Low-level output current 


A port, TDO 




48 


64 


mA 


Bport 


# 12 


12 


At/Av 


Input transition rise or fall rate 




10 


10 


ns/V 


TA 


Operating free-air temperature 




-55 


125 


-40 


85 


°C 



PRODUCT PREVIEW Information concerns product* In the formative or 
design phase o< development Characteristic data and other 
specifications are design goals. Texas Instruments reserves the light to 
change or discontinue these products without notice. 



5-34 



^? Texas 
Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 



SN54ABTH18502A, SN54ABTH182502A, SN74ABTH18502A, SN74ABTH182502A 

SCAN TEST DEVICES 
WITH 18-BIT UNIVERSAL BUS TRANSCEIVERS 

SCBS1 64E - AUGUST 1 993 - REVISED DECEMBER 1 996 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


Ta = 25 C C 


SN54ABTH182502A 


SN74ABTH182502A 


UNIT 


MIN TYPt MAX 


MIN MAX 


MIN MAX 


V|K 


Vcc = 4.5V, l|=-18mA 


-1.2 


-1.2 


-1.2 


V 


V<DH 


A port, TDO 


Vcc = 4.5 V, Ioh = -3 rnA 


2.5 


2.5 


2.5 


V 


Vcc = 5 V, Iqh - "3 mA 


3 


3 


3 


V C C = 4.5 V 


'OH = -24 mA 


2 


2 




Iqh = "32 mA 


2* 




2 


Bport 


V CC = 4.5 V, Ioh = -1 m A 


3.35 


3.3 


3.35 


Vcc = 5 v, Iqh = ~ 1 mA 


3.85 


3.8 


3.85 


VCC = 4.5 V 


lOH = -3 mA 


3.1 


3 


3.1 


IOH = "12mA 


2.6* 




2.6 


vol 


A port, TDO 


V C C = 4.5 V 


lOL = 48 mA 


0.55 


0.55 




V 


lOL = 64 mA 


0.55* 




0.55 


B port 


VCC = 4.5 V 


lOL = 8 mA 


0.8 


0.8 


0.65 


Iql= 12 mA 


0.8* 




0.8 


ii 


CLK, LE, TCK 


Vcc = 0 to 5.5 V, 
V| = Vcc or GND 


±1 


& ±1 


±1 


liA 


A or B ports 


V C C = 5.5 V, 
V| = V C corGND 


±20 


±2 ° 


±20 


l|H 


OE, TDI, TMS 


Vcc = 5.5 V, V| = V C C 


10 


C? 10 


10 


HA 


IlL 


OE, TDI, TMS 


Vcc = 5.5 V, V| o GND 


-40 -150 


4^40 -150 


-40 -150 


HA 


l|(hold)* 


A or B ports 


VCC = 4.5 V 


V| = 0.8 V 


75 220 500 




75 500 


ii A 

HA 


V|=2V 


-75 -180 -500 




-75 -500 


lOZH 


TDO 


Vcc = 2.1 V to 5.5 V, 
Vo = 2.7 V, OE = 2 V 


10 


10 


10 


HA 


'OZL 


TDO 


Vcc = 2.1 V to 5.5 V, 
Vo = 0.5 V, OE = 2 V 


-10 


-10 


-10 


jiA 


'OZPU 


TDO 


Vcc = 0 to 2.1 V, 

Vo = 2.7 V or 0.5 V, OE = 0.8 V 


±50 




±50 


jiA 


'OZPD 


TDO 


Vcc = 2.1 Vto 0, 

Vo = 2.7 V or 0.5 V, OE = 0.8 V 


±50 




±50 


HA 


'off 


Vcc = 0, V| orVQ<4.5V 


Z I uu 




T. I UU 




ICEX 


Outputs high 


Vcc = 5.5 V, V 0 = 5.5 V 


50 


50 


50 


txA 


io § 


A port, TDO 


Vcc = 5.5 V, Vq = 2.5 V 


-50 -110 -200 


-50 -200 


-50 -200 


mA 


Bport 


Vcc = 5.5 V, Vq = 2.5 V 


-25 -55 -100 


-25 -100 


-25 -100 


ice 


Outputs high 


V C C = 5.5 V, 

io-o, 

V| = Vcc or 
GND 


A or B ports 


1.6 2.2 


2.2 


2.2 


mA 


Outputs low 


21 27 


27 


27 


Outputs 
disabled 


0.9 2 


2 


2 


AlGC 11 


Vcc = 5.5 V, One input at 3.4 V, 
Other inputs at Vcc or GND 


1.5 


1.5 


1.5 


mA 



* On products compliant to MIL-PRF-38535, this parameter does not apply, 
t All typical values are at Vcc = 5 V. 

$ The parameter l|(hold) includes the off-state output leakage current. 

§ Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 
1f This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (continued) 



PARAMETER 


TEST CONDITIONS 


Ta = 25°C 


SN54ABTH182502A 


SN74ABTH182502A 


UNIT 


MIN TYPt MAX 


MIN MAX 


MIN MAX 


Cj 


Control 
inputs 


V| » 2.5 V or 0.5 V 


5 


A 




PF 


Cj Q 


A or B ports 


Vo«= 2.5 V or 0.5 V 


10 






PF 


Co 


TDO 


Vq = 2.5 V or 0.5 V 


8 






PF 



t All typical values are at V<x = 5 V. 



timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (normal mode) (see Figure 14) 





SN54ABTH182502A 


SN74ABTH182502A 


UNIT 


MIN MAX 


MIN MAX 


fclock Clock frequency 


CLKAB or CLKBA 


0 100 


0 100 


MHz 


t w Pulse duration 


CLKAB or CLKBA high or low 


3-5 if 


3.5 


ns 


LEAB or LEBA high 


3-5 


3.5 


t su Setup time 


A before CLKABt or B before CLKBAT 


3.5 4 C 


3.5 


ns 


A before LEABl or B before LEBAl 


CLK high 


3-5 


3.5 


CLK low 


_# 


2 


th Hold time 


A after CLKABt or B after CLKBAT 




0.5 


ns 


A after LEAB-l or B after LEBAi 





3 


timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (test mode) (see Figure 14) 




SN54ABTH182502A 


SN74ABTH182502A 


UNIT 


MIN MAX 


MIN MAX 


'clock Clock frequency 


TCK 


0 50 


0 50 


MHz 


t w Pulse duration 


TCK high or low 




8 


ns 


t su Setup time 


A, B, CLK, LE, or OE before TCKt 


' 


6 


ns 


TDI before TCKt 


4 - 5 $ 


4.5 


TMS before TCKt 




3 


^ Hold time 


A, B, CLK, LE, or OE after TCKt 




1.5 


ns 


TDI after TCKT 




1 


TMS after TCKT 




1.5 


td Delay time 


Power up to TCKT 


50 


50 


ns 


t r Rise time 


Vcc power up 


1 


1 


us 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (normal mode) (see Figure 14) 



PARAMETER 


(INPUT) 


TO 
(OUTPUT) 


V C C = 5 V, 
T A = 25°C 


SN54ABTH182502A 


SN74ABTH182502A 


UNIT 




MIN 


TYP 


MAX 


MIN 


MAX 


MIN 


MAX 




'max 


CLKAB or 
CLKBA 




100 


130 




100 


100 


MHz 


tpLH 


A 


B 


1.5 


3.1 


5 


1 R 

1 .0 


6 


I .o 


5.5 


ns 


tPHL 


1.5 


3.6 


5.6 


1.5 


6.4 


1.5 


6.2 


tpLH 


B 


A 


1.5 


3.1 


5 


1.5 


6 


1.5 


5.5 


ns 


tPHL 


1.5 


3.6 


5 


1.5 


x6 


1.5 


5.5 


tPLH 


CLKAB 


B 


1.5 


3.7 


5.4 


1.5 


# 2 


1.5 


6.1 


ns 


tPHL 


1.5 


4 


5.8 


1.5 


Jj?6.4 


1.5 


6.2 


*PLH 


CLKBA 


A 


1.5 


3.7 


5 


1.5 f 


C 6 


1.5 


5.5 


ns 


tPHL 


1.5 


3.8 


5 


1.5 p 


6 


1.5 


5.5 


tpi_H 


LEAB 


B 


1.5 


3.9 


5.6 




6.5 


1.5 


6.3 


ns 


tPHL 


1.5 


3.6 


5.6 




6.5 


1.5 


6.2 


tPLH 


LEBA 


A 


1.5 


3.9 


5.5 


1.5 


6.5 


1.5 


6 


ns 


tPHL 


1.5 


3.6 


5.5 


1.5 


6.5 


1.5 


6 


tpZH 


OEAB or OEBA 


B or A 


1.5 


4 


5.8 


1.5 


7.5 


1.5 


7 


ns 


tpZL 


1.5 


4.2 


5.8 


1.5 


7.5 


1.5 


7 


tpHZ 






3 


5.9 


7 


3 


8.5 


3 


8 




OEAB or OEBA 


BorA 










ns 


tpLZ 


2 


4.5 


6 


2 


7.5 


2 


7 



switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (test mode) (see Figure 14) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V C C = 5V, 
T A = 25°C 


SN54ABTH182502A 


SN74ABTH182502A 


UNIT 




MIN 


TYP 


MAX 


MIN 


MAX 


MIN 


MAX 




'max 


TCK 




50 


90 




50 


50 


MHz 


tPLH 


TCKi 


AorB 


2.5 


7.4 


11 


2.5 


14.5 


2.5 


13.1 


ns 


tPHL 


2.5 


7.6 


10.8 


2.5 


14 


2.5 


12.4 


tPLH 


TCKi 


TDO 


2 


3.8 


5.1 


2 


<J 


2 


5.6 


ns 


tPHL 


2 


4 


5.1 


2 


.... 


2 


5.6 


tpZH 


TCKi 


AorB 


4 


8 


11.5 


4 


^4.5 


4 


13.4 


ns 


tpZL 


4 


8 


11.8 


4 , 


<C 15 


4 


13.6 


tpZH 


TCKi 


TDO 


2 


3.9 


5.7 




? 7.5 


2 6.6 


ns 


tpZL 


2 


4.2 


6.2 


& 8 


2 


6.9 


tPHZ 


TCK4- 


A or B 


4 


10.8 


13 




4 


15 


ns 


tpLZ 


3 


9.1 


13.3 


3 


17.5 


3 


15 


tpHZ 


TCKi 


TDO 


3 


5.3 


6.8 


3 


8 


3 


7.2 


ns 


tPLZ 


2.5 


4.2 


5.5 


2.5 8 


2.5 


6.3 
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PARAMETER MEASUREMENT INFORMATION 

_ 7 V 



From Output 

Under Test 

Cl = 50 pF 
(see Note A) 



500 a 

■AWr 



500 £1 



®l/ O Open 
9 GND 



TEST 


S1 


tPLH'tPHL 
tPLZ'tpZL 
tpHZ'tPZH 


Open 
7V 
Open 



LOAD CIRCUIT 



~ \y y — 

Input 1.5 vjt A 1,5V 



VOLTAGE WAVEFORMS 
PULSE DURATION 



3V 



0V 



Timing Input 



Data Input 



^5 V 



k- M— M 

»su 1 th 



3V 
0V 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



Input 



Output 



Output 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



o^put VTTv VlTv" 

Control /f\ 

tpZL-^l J4- I 

tpLZ ~*j j4- 



Output 
Waveform 1 
S1 at7V 
(see Note B) 

Output 
Waveform 2 
S1 at Open 
(seo Note B) 



0.3 V 



tPZH-*) 



| t P HZ -H \h- 



3V 
0V 

3.5 V 

vol 



r i 



V O H-0.3V V ° H 
— <= 0 V 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. C|_ includes probe and jig capacitance. 

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

C. All input pulses are supplied by generators having the following characteristics: PRR < 10 MHz, Zrj = 50 Q, t r s 2.5 ns, tf <, 2.5 ns. 

D. The outputs are measured one at a time with one transition per measurement. 



Figure 14. Load Circuit and Voltage Waveforms 
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Members of the Texas Instruments 
SCOPE 1 ** Family of Testability Products 
Members of the Texas Instruments 
Widebus™ Family 

Compatible With the IEEE Standard 
1149.1-1990 (JTAG) Test Access Port and 
Boundary-Scan Architecture 

UBT ™ (Universal Bus Transceiver) 
Combines D-Type Latches and D-Type 
Flip-Flops for Operation in Transparent, 
Latched, or Clocked Mode 

Bus Hold on Data Inputs Eliminates the 
Need for External Pullup Resistors 
B-Port Outputs of 'ABTH182504A Devices 
Have Equivalent 25-Q Series Resistors, So 
No External Resistors Are Required 
State-of-the-Art EPIC-UB™ BiCMOS Design 



One Boundary-Scan Cell Per I/O 
Architecture Improves Scan Efficiency 
SCOPE ™ Instruction Set 

- IEEE Standard 1149.1-1990 Required 
Instructions and Optional CLAMP and 
HIGHZ 

- Parallel-Signature Analysis at Inputs 

- Pseudo-Random Pattern Generation 
From Outputs 

- Sample Inputs/Toggle Outputs 

- Binary Count From Outputs 

- Device Identification 

- Even-Parity Opcodes 

Packaged in 64-Pin Plastic Thin Quad Flat 
(PM) Packages Using 0.5-mm 
Center-to-Center Spacings and 68-Pin 
Ceramic Quad Flat (HV) Packages Using 
25-mil Center-to-Center Spacings 



SN54ABTH18504A, SN54ABTH182504A 
(TOP VIEW) 



32 < 



. < 

< <r m 

CO m O n w ^ 

O J h 2> Z H O 



HV PACKAGE 



Q 

t- Z w n 

CO (D CO CO CO 



r-if-ir-ir-ir-ir-ir-irnr-irnr-ir- ir-ir-ir-ir-ir-i 



A4[ 
A5[ 
A6[ 
GND [ 
A7[ 
A8[ 
A9[ 
A10[ 
NC [ 

v C cC 

A11 [ 
A12 [ 
A13 [ 
GND [ 
A14[ 
A15[ 
A16[ 



9 8 7 6 5 4 3 2 1 68 67 66 65 64 63 62 61 



60 
59 
58 
57 
56 
55 
54 
53 

52 P 

51 

50 

49 

48 

47 

46 

45 n 

44 ] 



27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 



uuuuuuuuuuuuuuuuu 



B5 

B6 

B7 

GND 

B8 

B9 

B10 

V C C 

NC 

B11 

B12 

B13 

B14 

GND 

B15 

B16 

B17 



N- CO O) Q O 
< < < § 2 



NC - No internal connection 



< < E z p o < 

z 2 ^ > I— LU 

LLI —I —I 

* o 
o 



CO Q O O) CO 

< 7 (M t- ^ 

Uj g CO CO CO 

o 



SCOPE, Widebus, UBT, and EPIC-IIB are trademarks of Texas Instruments Incorporated. 
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SN74ABTH18504A, SN74ABTH182504A . 

fTOP VIEW) 



, PM PACKAGE 



2 < 



< < 
LU Qj 



O CO 

O ~~ 



O -J I- > I- O 



< 

m 
z 

-) Z CM CO 

o m O cd co 



r-ir-ii-ir-if-ii-ni-ir-ir-ii-ii-ii-ir-ir-ii-ir-. 



A4 
A5 
A6 
GND 
A7 
A8 
A9 
A10 

V CC 
A11 
A12 
A13 
GND 
A14 
A15 
A16 



Cl 
[2 
[3 
C4 
[5 
[6 
[7 
[8 
[9 
[10 
[11 
[12 
[13 
[14 
[15 
[16 



64 63 62 61 60 59 58 57 56 55 54 53 52 51 50 49 



48 ] 
47 ] 
46 1 
45 ] 
44 ] 
43 ] 
42 ] 
41 ] 
40 ] 
39 1 
38 ] 
37] 
36 ] 
35 ] 
34 ] 
33 ] 



17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 

uuuuuuuuuuuuuuuu 



B5 

B6 

B7 

GND 

B8 

B9 

B10 

V C C 

B11 

B12 

B13 

B14 

GND 

B15 

B16 

B17 



h- 00O) Q O 
< < < g ^ 



o 



n U ^ D 
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CO Q O O) CO 
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description 



The 'ABTH1 8504A and 'ABTH1 82504A scan test devices with 20-bit universal bus transceivers are members 
of the Texas Instruments SCOPE™ testability integrated-circuit family. This family of devices supports IEEE 
Standard 1 1 49.1-1 990 boundary scan to facilitate testing of complex circuit-board assemblies. Scan access to 
the test circuitry is accomplished via the 4-wire test access port (TAP) interface. 

In the normal mode, these devices are 20-bit universal bus transceivers that combine D-type latches and D-type 
flip-flops to allow data flow in transparent, latched, or clocked modes. The test circuitry can be activated by the 
TAP to take snapshot samples of the data appearing at the device pins or to perform a self test on the 
boundary-test cells. Activating the TAP in the normal mode does not affect the functional operation of the 
SCOPE™ universal bus transceivers. 



Data flow in e ach directio n is c ontrolled by output-enable (OEAB and OEBA), latch-enable (LEAB and LEBA), 
clock-enable (CLKENAB and CLKENBA), and clock (CLKAB and CLKBA) inputs. For A-to-B data flow, the 
device ope rates in the transparent mode when LEAB is high. When LEAB is low, the A-bus data is latched while 
CLKENAB is high and/or CLKAB is held at a static low or high logic level. Oth erwise, if LEAB is low and 
CLKENAB is low, A-bus data is stored on a low-to-high transition of CLKAB. When OEAB is low, the B outputs 
are active. When OEAB is hig h, the B outpu ts are in the high-impedance state. B-to-A data flow is similar to 
A-to-B data flow, but uses the OEBA, LEBA, CLKENBA, and CLKBA inputs. 

In the test mode, the normal operation of the SCOPE™ universal bus transceivers is inhibited, and the test 
circuitry is enabled to observe and control the I/O boundary of the device. When enabled, the test circuitry 
performs boundary-scan test operations according to the protocol described in IEEE Standard 1149.1-1990. 
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description (continued) 

Four dedicated test pins observe and control the operation of the test circuitry: test data input (TDI), test data 
output (TDO), test mode select (TMS), and test clock (TCK). Additionally, the test circuitry performs other testing 
functions such as parallel-signature analysis (PSA) on data inputs and pseudo-random pattern generation 
(PRPG) from data outputs. All testing and scan operations are synchronized to the TAP interface. 

Improved scan efficiency is accomplished through the adoption of a one boundary-scan cell (BSC) per I/O pin 
architecture. This architecture is implemented in such a way as to capture the most pertinent test data. A 
PSA/COUNT instruction also is included to ease the testing of memories and other circuits where a binary count 
addressing scheme is useful. 

Active bus-hold circuitry holds unused or floating data inputs at a valid logic level. 

The B-port outputs of 'ABTH1 82504A, which are designed to source or sink up to 12 mA, include 25-Q series 
resistors to reduce overshoot and undershoot. 

The SN54ABTH18504A and SN54ABTH182504A are characterized for operation over the full military 
temperature range of -55°C to 1 25°C. The SN74ABTH1 8504A and SN74ABTH1 82504A are characterized for 
operation from -40°C to 85°C. 



FUNCTION TABLET 
(normal mode, each register) 



INPUTS 


OUTPUT 


OEAB 


LEAB 


CLKENAB 


CLKAB 


A 


B 


L 


L 


L 


L 


X 


Bo* 


L 


L 


L 


T 


L 


L 


L 


L 


L 


T 


H 


H 


L 


L 


H 


X 


X 


Brj* 


L 


H 


X 


X 


L 


L 


L 


H 


X. 


X 


H 


H 


H 


X 


X 


X 


X 


Z 



t A-to-B data (low is shown. B-to-A data flow is similar but uses OEBA, 

LEBA, CLKENBA, and CLKBA. 
* Output level before the indicated steady-state input conditions were 

established 
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functional block diagram 




TDO 



Pin numbers shown are for the PM package. 
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Terminal Functions 


TERMINAL NAME 


DESCRIPTION 


A1-A20 


Normal-function A-bus I/O ports. See function table for normal-mode logic. 


B1-B20 


Normal-function B-bus I/O ports. See function table for normal-mode logic. 


CLKAB, CLKBA 


Normal-function clock inputs. See function table for normal-mode logic. 


CLKENAB, CLKENBA 


Normal-function clock enables. See function table for normal-mode logic. 


GND 


Ground 


LEAB, LEBA 


Normal-function latch enables. See function table for normal-mode logic. 


OEAB, OEBA 


Normal-function output enables. See function table for normal-mode logic. An internal pullup at each terminal 
forces the terminal to a high level if left unconnected. 


TCK 


Test clock. One of four terminals required by IEEE Standard 1149.1-1990. Test operations of the device are 
synchronous to TCK. Data is captured on the rising edge of TCK and outputs change on the falling edge of TCK. 


TDI 


Test data input. One of four terminals required by IEEE Standard 1149.1-1990. TDI is the serial input for shifting 
data through the instruction register or selected data register. An internal pullup forces TDI to a high level if left 
unconnected. 


TDO 


Test data output. One of four terminals required by I EEE Standard 1 1 49. 1 -1 990. TDO is the serial output for shifting 
data through the instruction register or selected data register. 


TMS 


Test mode select. One of four terminals required by IEEE Standard 1149.1-1990. TMS directs the device through 
its TAP controller states. An internal pullup forces TMS to a high level if left unconnected. 


vcc 


Supply voltage 
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test architecture 

Serial-test information is conveyed by means of a 4-wire test bus or TAP that conforms to IEEE Standard 
1149.1-1990. All test instructions, test data, and test control signals are passed along this serial-test bus. The 
TAP controller monitors two signals from the test bus, TCK and TMS. The TAP controller extracts the 
synchronization (TCK) and state control (TMS) signals from the test bus and generates the appropriate on-chip 
control signals for the test structures in the device. Figure 1 shows the TAP-controller state diagram. 

The TAP controller is fully synchronous to the TCK signal. Input data is captured on the rising edge of TCK and 
output data changes on the falling edge of TCK. This scheme ensures that data to be captured is valid for fully 
one-half of the TCK cycle. 

The functional block diagram shows the IEEE Standard 1149.1-1990 4-wire test bus and boundary-scan 
architecture and the relationship among the test bus, the TAP controller, and the test registers. As shown, the 
device contains an 8-bit instruction register and four test-data registers: a 48-bit boundary-scan register, a 3-bit 
boundary-control register, a 1-bit bypass register, and a 32-bit device-identification register. 



TMS = H 



TMS = L 




Test-Logic-Reset V* 



> 



TMS = L 



Run-Test/Idle 



>TMS = H y 



Select-DR-Scan 



> 



TMS = H 



< 



Select-IR-Scan 



TMS = L 



Capture-DR 




> 



TMS = H TMS = H 



TMS = L 



Shift-DR 



> 



TMS = H 



Exlt1-DR 




> 



TMS = L 



Pause-DR 



> 



TMS = H 



Exit2-DR 



> 



TMS-L 



< 



TMS = H 



TMS = L 



Capture-IR 



< 



TMS = L 



Shlft-IR 



< 



TMS = H 




TMS = H 



Exit"! -I R 



TMS = L 



< 



Pause-IR 



TMS = L 



< 



TMS = H 




Exit2-IR 



TMS = H 



Update-DR 



TMS = H 



> 



< 



TMS = H 

r 

Update-IR X- 



TMS = L 



TMS = H 



> 



TMS = L 



Figure 1. TAP-Cont roller State Diagram 
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state diagram description 

The TAP controller is a synchronous finite state machine that provides test control signals throughout the device. 
The state diagram shown in Figure 1 is in accordance with IEEE Standard 1149.1-1990. The TAP controller 
proceeds through its states based on the level of TMS at the rising edge of TCK. 

As shown, the TAP controller consists of 16 states. There are six stable states (indicated by a looping arrow in 
the state diagram) and ten unstable states. A stable state is a state the TAP controller can retain for consecutive 
TCK cycles. Any state that does not meet this criterion is an unstable state. 

There are two main paths through the state diagram: one to access and control the selected data register and 
one to access and control the instruction register. Only one register can be accessed at a time. 

Test-Logic-Reset 

The device powers up in the Test-Logic-Reset state. In the stable Test-Logic-Reset state, the test logic is reset 
and is disabled so that the normal logic function of the device is performed. The instruction register is reset to 
an opcode that selects the optional IDCODE instruction, if supported, or the BYPASS instruction. Certain data 
registers also can be reset to their power-up values. 

The state machine is constructed such that the TAP controller returns to the Test-Logic-Reset state in no more 
than five TCK cycles if TMS is left high. TMS has an internal pullup resistor that forces it high if left unconnected 
or if a board defect causes it to be open circuited. 

For the 'ABTH1 8504A and 'ABTH 1 82504A, the instruction register is reset to the binary value 1 0000001 , which 
selects the IDCODE instruction. Bits 47-46 in the boundary-scan register are reset to logic 1, ensuring that 
these cells, which control A-port and B-port outputs, are set to benign values (i.e., if test mode were invoked 
the outputs would be at high-impedance state). Reset values of other bits in the boundary-scan register should 
be considered indeterminate. The boundary-control register is reset to the binary value 010, which selects the 
PSA test operation. 

Run-Test/Idle 

The TAP controller must pass through the Run-Test/Idle state (from Test-Logic-Reset) before executing any test 
operations. The Run-Test/Idle state also can be entered following data-register or instruction-register scans. 
Run-Test/Idle is a stable state in which the test logic can be actively running a test or can be idle. The test 
operations selected by the boundary-control register are performed while the TAP controller is in the 
Run-Test/Idle state. 

Select-DR-Scan, Select-IR-Scan 

No specific function is performed in the Select-DR-Scan and Select-IR-Scan states, and the TAP controller exits 
either of these states on the next TCK cycle. These states allow the selection of either data-register scan or 
instruction-register scan. 

Capture-DR 

When a data-register scan is selected, the TAP controller must pass through the Capture-DR state. In the 
Capture-DR state, the selected data register can capture a data value as specified by the current instruction. 
Such capture operations occur on the rising edge of TCK, upon which the TAP controller exits the 
Capture-DR state. 

Shift-DR 

Upon entry to the Shift-DR state, the data register is placed in the scan path between TDI and TDO, and on the 
first falling edge of TCK, TDO goes from the high-impedance state to an active state. TDO enables to the logic 
level present in the least-significant bit of the selected data register. 
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Shift-DR (continued) 

While in the stable Shift-DR state, data is serially shifted through the selected data register on each TCK cycle. 
The first shift occurs on the first rising edge of TCK after entry to the Shift-DR state (i.e., no shifting occurs during 
the TCK cycle in which the TAP controller changes from Capture-DR to Shift-DR or from Exit2-DR to Shift-DR). 
The last shift occurs on the rising edge of TCK, upon which the TAP controller exits the Shift-DR state. 

Exit1-DR, Exit2-DR 

The Exit1-DR and Exit2-DR states are temporary states that end a data-register scan. It is possible to return 
to the Shift-DR state from either Exit1-DR or Exit2-DR without recapturing the data register. On the first falling 
edge of TCK after entry to Exit1-DR, TDO goes from the active state to the high-impedance state. 

Pause-DR 

No specific function is performed in the stable Pause-DR state, in which the TAP controller can remain 
indefinitely. The Pause-DR state can suspend and resume data-register scan operations without loss of data. 

Update-DR 

If the current instruction calls for the selected data register to be updated with current data, such update occurs 
on the falling edge of TCK, following entry to the Update-DR state. 

Capture-IR 

When an instruction-register scan is selected, the TAP controller must pass through the Capture-IR state. In 
the Capture-IR state, the instruction register captures its current status value. This capture operation occurs 
on the rising edge of TCK, upon which the TAP controller exits the Capture-IR state. For the 'ABTH1 8504A and 
'ABTH182504A, the status value loaded in the Capture-IR state is the fixed binary value 10000001. 

Shift-IR 

Upon entry to the Shift-IR state, the instruction register is placed in the scan path between TDI and TDO, and 
on the first falling edge of TCK, TDO goes from the high-impedance state to an active state. TDO enables to 
the logic level present in the least-significant bit of the instruction register. 

While in the stable Shift-IR state, instruction data is serially shifted through the instruction register on each TCK 
cycle. The first shift occurs on the first rising edge of TCK after entry to the Shift-IR state (i.e., no shifting occurs 
during the TCK cycle, in which the TAP controller changes from Capture-IR to Shift-IR or from Exit2-IR to 
Shift-IR). The last shift occurs on the rising edge of TCK, upon which the TAP controller exits the Shift-IR state. 

Exitl-IR, Exit2-IR 

The Exit1-IR and Exit2-IR states are temporary states that end an instruction-register scan. It is possible to 
return to the Shift-IR state from either Exit1-IR or Exit2-IR without recapturing the instruction register. On the 
first falling edge of TCK after entry to Exit1-IR, TDO goes from the active state to the high-impedance state. 

Pause-IR 

No specific function is performed in the stable Pause-IR state, in which the TAP controller can remain 
indefinitely. The Pause-IR state can suspend and resume instruction-register scan operations without loss 
of data. 

Update-IR 

The current instruction is updated and takes effect on the falling edge of TCK, following entry to the 
Update-IR state. 
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register overview 

With the exception of the bypass and device-identification registers, any test register can be thought of as a 
serial shift register with a shadow latch on each bit. The bypass and device-identification registers differ in that 
they contain only a shift register. During the appropriate capture state (Capture-IR for instruction register, 
Capture-DR for data registers), the shift register can be parallel loaded from a source specified by the current 
instruction. During the appropriate shift state (Shift-IR or Shift-DR), the contents of the shift register are shifted 
out from TDO while new contents are shifted in at TDI. During the appropriate update state (Update-IR or 
Update-DR), the shadow latches are updated from the shift register. 

instruction register description 

The instruction register (IR) is eight bits long and tells the device what instruction is to be executed. Information 
contained in the instruction includes the mode of operation (either normal mode, in which the device performs 
its normal logic function, or test mode, in which the normal logic function is inhibited or altered), the test operation 
to be performed, which of the four data registers is to be selected for inclusion in the scan path during 
data-register scans, and the source of data to be captured into the selected data register during Capture-DR. 

Table 3 lists the instructions supported by the 'ABTH18504A and 'ABTH182504A. The even-parity feature 
specified for SCOPE™ devices is supported in these devices. Bit 7 of the instruction opcode is the parity bit. 
Any instructions that are defined for SCOPE™ devices but are not supported by these devices default to 
BYPASS. 

During Capture-IR, the IR captures the binary value 1 0000001 . As an instruction is shifted in, this value is shifted 
out via TDO and can be inspected as verification that the IR is in the scan path. During Update-IR, the value 
that has been shifted into the IR is loaded into shadow latches. At this time, the current instruction is updated 
and any specified mode change takes effect. At power up or in the Test-Logic-Reset state, the IR is reset to the 
binary value 10000001 , which selects the IDCODE instruction. The IR order of scan is shown in Figure 2. 





Bit 7 




























BItO 
(LSB) 


TDI — > 


Parity 
(MSB) 


— ► 


Bit 6 




Bit 5 


— > 


Bit 4 


—> 


Bit 3 




Bit 2 




Blt1 


— > 



Figure 2. Instruction Register Order of Scan 
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data register description 
boundary-scan register 

The boundary-scan register (BSR) is 48 bits long. It contains one boundary-scan cell (BSC) for each 
normal-function input pin and one BSC for each normal-function I/O pin (one single cell for both input data and 
output data). The BSR is used 1) to store test data that is to be applied externally to the device output pins, 
and/or 2) to capture data that appears internally at the outputs of the normal on-chip logic and/or externally at 
the device input pins. 

The source of data to be captured into the BSR during Capture-DR is determined by the current instruction. The 
contents of the BSR can change during Run-Test/Idle as determined by the current instruction. At power up or 
in Test-Logic-Reset, BSCs 47-46 are reset to logic 1 , ensuring that these cells, which control A-port and B-port 
outputs, are set to benign values (i.e., if test mode were invoked, the outputs would be at high-impedance state). 
Reset values of other BSCs should be considered indeterminate. 

The BSR order of scan is from TDI through bits 47-0 to TDO. Table 1 shows the BSR bits and their associated 
device pin signals. 



Table 1. Boundary-Scan Register Configuration 



BSR BIT 
NUMBER 


DEVICE 
SIGNAL 


BSR BIT 
NUMBER 


DEVICE 
SIGNAL 


BSR BIT 
NUMBER 


DEVICE 
SIGNAL 


47 


OEAB 


39 


A20-I/O 


19 


B20-I/O 


46 


OEBA 


38 


A19-I/0 


18 


B19-I/0 


45 


CLKAB 


37 


A18-I/0 


17 


B18-I/0 


44 


CLKBA 


36 


A17-I/0 


16 


B17-I/0 


43 


CLKENAB 


35 


A16-I/0 


15 


B16-I/0 


42 


CLKENBA 


34 


A15-I/0 


14 


B15-I/0 


41 


LEAB 


33 


A14-I/0 


13 


B14-I/0 


40 


LEBA 


32 


A13-I/0 


12 


B13-I/0 






31 


A12-I/0 


11 


B12-I/0 






30 


A11-I/0 


10 


B1 1-1/0 






29 


A10-I/O 


9 


B10-I/O 






28 


A9-I/0 


8 


B9-I/0 






27 


A8-I/0 


7 


B8-I/0 






26 


A7-I/0 


6 


B7-I/0 






25 


A6-I/0 


5 


B6-I/0 






24 


A5-I/0 


4 


B5-I/0 






23 


A4-I/0 


3 


B4-I/0 






22 


A3-I/0 


2 


B3-I/0 






21 


A2-I/0 


1 


B2-I/0 






20 


A1-I/0 


0 


B1-I/0 
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boundary-control register 

The boundary-control register (BCR) is three bits long. The BCR is used in the context of the boundary-run 
(RUNT) instruction to implement additional test operations not included in the basic SCOPE™ instruction set. 
Such operations include PRPG, PSA, and binary count up (COUNT). Table 4 shows the test operations that 
are decoded by the BCR. 

During Capture-DR, the contents of the BCR are not changed. At power up or in Test-Logic-Reset, the BCR is 
reset to the binary value 01 0, which selects the PSA test operation. The BCR order of scan is shown in Figure 3. 



TDI 



Bit 2 




Bit 1 




BltO 


(MSB) 


► 


► 


(LSB) 



TDO 



Figure 3. Boundary-Control Register Order of Scan 

bypass register 

The bypass register is a 1-bit scan path that can be selected to shorten the length of the system scan path, 
reducing the number of bits per test pattern that must be applied to complete a test operation. During 
Capture-DR, the bypass register captures a logic 0. The bypass register order of scan is shown in Figure 4. 



TDI 




► TDO 



Figure 4. Bypass Register Order of Scan 
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device-Identification register 

The device-identification register (IDR) is 32 bits long. It can be selected and read to identify the manufacturer, 
part number, and version of this device. 

For the 'ABTH18504A , the binary value 00000000000000101000000000101111 (0002802F, hex) is captured 
(during Capture-DR state) in the IDR to identify this device as Texas Instruments SN54/74ABTH18504A. 

For the 'ABTH1 82504A , the binary value 000000000000001 011 000000001 01111 (0002C02F, hex) is captured 
(during Capture-DR state) in the IDR to identify this device as Texas Instruments SN54/74ABTH182504A. 

The IDR order of scan is from TDI through bits 31-0 to TDO. Table 2 shows the IDR bits and their significance. 



Table 2. Device-Identification Register Configuration 



IDR BIT 
NUMBER 


IDENTIFICATION 
SIGNIFICANCE 


IDR BIT 
NUMBER 


IDENTIFICATION 
SIGNIFICANCE 


IDR BIT 
NUMBER 


IDENTIFICATION 
SIGNIFICANCE 


31 


VERSION3 


27 


PARTNUMBER15 


11 


MANUFACTURER10T 


30 


VERSION2 


26 


PARTNUMBER14 


10 


MANUFACTURER09T 


29 


VERSION1 


25 


PARTNUMBER13 


9 


MANUFACTURER08T 


28 


VERSION0 


24 


PARTNUMBER12 


8 


MANUFACTURER07T 






23 


PARTNUMBER11 


7 


MANUFACTURER06T 






22 


PARTNUMBER10 


6 


MANUFACTURER05T 






21 


PARTNUMBER09 


5 


MANUFACTURER04T 






20 


PARTNUMBER08 


4 


MANUFACTURER03T 






19 


PARTNUMBER07 


3 


MANUFACTURER02T 






18 


PARTNUMBER06 


2 


MANUFACTURER01T 






17 


PARTNUMBER05 


1 


MANUFACTURER00T 






16 


PARTNUMBER04 


0 


LOGIC1T 






15 


PARTNUMBER03 










14 


PARTNUMBER02 










13 


PARTNUMBER01 










12 


PARTNUMBER00 







TNote that for Tl products, bits 11-0 of the device-identification register always contain the binary value 000000101111 
(02F, hex). 



5-50 



Texas 
Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 



SN54ABTH18504A, SN54ABTH182504A, SN74ABTH18504A, SN74ABTH182504A 

SCAN TEST DEVICES WITH 
20-BIT UNIVERSAL BUS TRANSCEIVERS 

SCBS1 65C - AUGUST 1993- REVISED JULY 1996 



instruction-register opcode description 

The instruction-register opcodes are shown in Table 3. The following descriptions detail the operation of 
each instruction. 



Table 3. Instruction-Register Opcodes 



BINARY CODEt 
BIT 7-> BIT 0 
MSB -> LSB 


SCOPE OPCODE 


DESCRIPTION 


SELECTED 

DATA RPfilQTPP 


MODE 


00000000 


EXTEST 


Boundary scan 


Boundary scan 


Test 


10000001 


IDCODE 


Identification read 


Device identification 


Normal 


10000010 


SAMPLE/PRELOAD 


Sample boundary 


Boundary scan 


Normal 


00000011 


BYPASS* 


Bypass scan 


Bypass 


Normal 


10000100 


BYPASS* 


Bypass scan 


Bypass 


Normal 


00000101 


BYPASS* 


Bypass scan 


Bypass 


Normal 


00000110 


HIGHZ 


Control boundary to high impedance 


Bypass 


Modified test 


10000111 


CLAMP 


Control boundary to 1/0 


Bypass 


Test 


10001000 


BYPASS* 


Bypass scan 


Bypass 


Normal 


00001001 


RUNT 


Boundary run test 


Bypass 


Test 


00001010 


READBN 


Boundary read 


Boundary scan 


Normal 


10001011 


READBT 


Boundary read 


Boundary scan 


Test 


00001100 


CELLTST 


Boundary self test 


Boundary scan 


Normal 


10001101 


TOPHIP 


Boundary toggle outputs 


Bypass 


Test 


10001110 


SCANCN 


Boundary-control register scan 


Boundary control 


Normal 


00001111 


SCANCT 


Boundary-control register scan 


Boundary control 


Test 


All others 


BYPASS 


Bypass scan 


Bypass 


Normal 



t Bit 7 is used to maintain even parity in the 8-bit instruction. 

*The BYPASS instruction is executed in lieu of a SCOPE™ instruction that is not supported in the 'ABTH18504A or 'ABTH182504A. 



boundary scan 

This instruction conforms to the IEEE Standard 1149.1-1990 EXTEST instruction. The BSR is selected in the 
scan path. Data appearing at the device input and I/O pins is captured in the associated BSCs. Data that has 
been scanned into the I/O BSCs for pins in the output mode is applied to the device I/O pins. Data present at 
the device pins, except for output-enables, is passed through the BSCs to the normal on-chip logic. For I/O pins, 
the operation of a pin as input or output is determined by the contents of the output-enable BSCs (bits 47-46 
of the BSR). When a given output enable is active (logic 0), the associated I/O pins operate in the output mode. 
Otherwise, the I/O pins operate in the input mode. The device operates in the test mode. 

identification read 

This instruction conforms to the IEEE Standard 1149.1-1990 IDCODE instruction. The IDR is selected in the 
scan path. The device operates in the normal mode. 

sample boundary 

This instruction conforms to the IEEE Standard 1149.1-1990 SAMPLE/PRELOAD instruction. The BSR is 
selected in the scan path. Data appearing at the device input pins and I/O pins in the input mode is captured 
in the associated BSCs, while data appearing at the outputs of the normal on-chip logic is captured in the BSCs 
associated with I/O pins in the output mode. The device operates in the normal mode. 
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bypass scan 

This instruction conforms to the IEEE Standard 1149.1-1990 BYPASS instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. The device 
operates in the normal mode. 

control boundary to high impedance 

This instruction conforms to the IEEE Standard 11 49.1 a-1 993 HIGHZ instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. The device 
operates in a modified test mode in which all device I/O pins are placed in the high-impedance state, the device 
input pins remain operational, and the normal on-chip logic function is performed. 

control boundary to 1/0 

This instruction conforms to the IEEE Standard 11 49.1 a-1 993 CLAMP instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. Data in the I/O 
BSCs for pins in the output mode is applied to the device I/O pins. The device operates in the test mode. 

boundary-run test 

The bypass register is selected in the scan path. A logic 0 value is captured in the bypass register during 
Capture-DR. The device operates in the test mode. The test operation specified in the BCR is executed during 
Run-Test/Idle. The five test operations decoded by the BCR are: sample inputs/toggle outputs (TOPSIP), 
PRPG, PSA, simultaneous PSA and PRPG (PSA/PRPG), and simultaneous PSA and binary count up 
(PSA/COUNT). 

boundary read 

The BSR is selected in the scan path. The value in the BSR remains unchanged during Capture-DR. This 
instruction is useful for inspecting data after a PSA operation. 

boundary self test 

The BSR is selected in the scan path. All BSCs capture the inverse of their current values during Capture-DR. 
In this way, the contents of the shadow latches can be read out to verify the integrity of both shift-register and 
shadow-latch elements of the BSR. The device operates in the normal mode. 

boundary toggle outputs 

The bypass register is selected in the scan path. A logic 0 value is captured in the bypass register during 
Capture-DR. Data in the shift-register elements of the selected output-mode BSCs is toggled on each rising 
edge of TCK in Run-Test/Idle, updated in the shadow latches, and applied to the associated device I/O pins on 
each falling edge of TCK in Run-Test/ldle. Data in the input-mode BSCs remains constant. Data appearing at 
the device input or I/O pins is not captured in the input-mode BSCs. The device operates in the test mode. 

boundary-control-register scan 

The BCR is selected in the scan path. The value in the BCR remains unchanged during Capture-DR. This 
operation must be performed before a RUNT operation to specify which test operation is to be executed. 
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boundary-control register opcode description 

The BCR opcodes are decoded from BCR bits 2-0 as shown in Table 4. The selected test operation is performed 
while the RUNT instruction is executed in the Run-Test/Idle state. The following descriptions detail the operation 
of each BCR instruction and illustrate the associated PSA and PRPG algorithms. 



Table 4. Boundary-Control Register Opcodes 



BINARY CODE 
BIT 2 -» BIT 0 
MSB -> LSB 


DESCRIPTION 


XOO 


Sample inputs/toggle outputs (TOPSIP) 


X01 


Pseudo-random pattern generation/40-bit mode (PRPG) 


X10 


Parallel-signature analysis /40-bit mode (PSA) 


011 


Simultaneous PSA and PRPG /20-bit mode (PSA/PRPG) 


111 


Simultaneous PSA and binary count up/20-bit mode (PSA/COUNT) 



While the control input BSCs (bits 47-36) are not included in the toggle, PSA, PRPG, or COUNT algorithms, 
the output-enable BSCs (bits 47^16 of the BSR) control the drive state (active or high impedance) of the selected 
device outpu t pins. T hese BC R instructions are valid only when the device is operating in one direction of data 
flow (that is, OEAB * OEBA). Otherwise, the bypass instruction is operated. 

sample inputs/toggle outputs (TOPSIP) 

Data appearing at the selected device input-mode I/O pins is captured in the shift-register elements of the 
associated BSCs on each rising edge of TCK. Data in the shift-register elements of the selected output-mode 
BSCs is toggled on each rising edge of TCK, updated in the shadow latches, and applied to the associated 
device I/O pins on each falling edge of TCK. 
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pseudo-random pattern generation (PRPG) 

A pseudo-random pattern is generated in the shift-register elements of the selected BSCs on each rising edge 
of TCK, updated in the shadow latches, and applied to the associated device output-mode I/O pins on each 
falling edge of TCK. Figures 5 and 6 show the 40-bit linear-feedback shift-register algorithms through which the 
patterns are generated. An initial seed value should be scanned into the BSR before performing this operation. 
A seed value of all zeroes does not produce additional patterns. 

A20-I/O A19-I/0 A18-I/0 A17-I/0 A16-I/0 A1 5-1/0 A1 4-1/0 A1 3-1/0 A1 2-1/0 A1M/0 



e.j> 



A8-I/0 A7-I/0 A6-I/0 A5-I/0 A4-I/0 A3-I/0 A2-I/0 A 1-1/0 




B20-I/O B19-I/0 B18-I/0 B17-I/0 B16-I/0 B15-I/0 B14-I/0 B13-I/0 B12-I/0 B11-I/0 



► t> ► ► 

T T T T 



B10-I/O B9-I/0 B8-I/0 B7-I/0 B6-I/0 B5-I/0 B4-I/0 B3-I/0 B2-I/0 B 1-1/0 



Figure 5. 40-Bit PRPG Configuration (OEAB = 0, OEBA = 1) 
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B20-I/O B19-I/0 B18-I/0 B17-I/0 B 16-1/0 B15-I/0 B14-I/0 B13-I/0 B 12-1/0 B11-I/0 



B10-I/O B9-I/0 



B8-I/0 B7-I/0 B6-I/0 B5-I/0 B4-I/0 B3-I/0 B2-I/0 B 1-1/0 



A20-I/O A19-I/0 A18-I/0 A17-I/0 A16-I/0 A15-I/0 A14-I/0 A13-I/0 A12-I/0 A11-I/0 



@-I> 



A10-I/O A9-I/0 A8-I/0 A7-I/0 A6-I/0 A5-I/0 A4-I/0 A3-I/0 A2-I/0 AM/0 



Figure 6. 40-Bit PRPG Configuration (OEAB = 1, OEBA = 0) 
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parallel-signature analysis (PSA) 

Data appearing at the selected device input-mode I/O pins is compressed into a 40-bit parallel signature in the 
shift-register elements of the selected BSCs on each rising edge of TCK. Data in the shadow latches of the 
selected output-mode BSCs remains constant and is applied to the associated device I/O pins. Figures 7 and 8 
show the 40-bit linear-feedback shift-register algorithms through which the signature is generated. An initial 
seed value should be scanned into the BSR before performing this operation. 
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B20-I/O B19-I/0 B18-I/0 B17-I/0 B16-I/0 B15-I/0 B1 4-1/0 B1 3-1/0 B1 2-1/0 B1 1-1/0 



B10-I/O B9-I/0 B8-I/0 B7-I/0 B6-I/0 B5-I/0 B4-I/0 B3-I/0 B2-I/0 B 1-1/0 



Figure 7. 40-Bit PSA Configuration (OEAB = 0, OEBA = 1) 
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A20-I/O A19-I/0 A18-I/0 A17-I/0 A16-I/0 A15-I/0 A14-I/0 A13-I/0 A12-I/0 A11-I/0 



A10-I/O A9-I/0 A8-I/0 A7-I/0 A6-I/0 A5-I/0 A4-I/0 A3-I/0 A2-I/0 A1-I/0 



Figure 8. 40-Bit PSA Configuration (OEAB = 1, OEBA = 0) 
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simultaneous PSA and PRPG (PSA/PRPG) 

Data appearing at the selected device input-mode I/O pins is compressed into a 20-bit parallel signature in the 
shift-register elements of the selected input-mode BSCs on each rising edge of TCK. At the same time, a 20-bit 
pseudo-random pattern is generated in the shift-register elements of the selected output-mode BSCs on each 
rising edge of TCK, updated in the shadow latches, and applied to the associated device I/O pins on each falling 
edge of TCK. Figures 9 and 10 show the 20-bit linear-feedback shift-register algorithms through which the 
signature and patterns are generated. An initial seed value should be scanned into the BSR before performing 
this operation. A seed value of all zeroes does not produce additional patterns. 
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B10-I/O B9-I/0 B8-I/0 B7-I/0 B6-I/0 B5-I/0 B4-I/0 B3-I/0 B2-I/0 B1-I/0 



Figure 9. 20-Bit PSA/PRPG Configuration (OEAB = 0, OEBA = 1) 
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A10-I/O A9-I/0 A8-I/0 A7-I/0 A6-I/0 A5-I/0 A4-I/0 A3-I/0 A2-I/0 A1-I/0 



Figure 10. 20-Bit PSA/PRPG Configuration (OEAB = 1, OEBA = 0) 
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simultaneous PSA and binary count up (PSA/COUNT) 

Data appearing at the selected device input-mode I/O pins is compressed into a 20-bit parallel signature in the 
shift-register elements of the selected input-mode BSCs on each rising edge of TCK. At the same time, a 20-bit 
binary count-up pattern is generated in the shift-register elements of the selected output-mode BSCs on each 
rising edge of TCK, updated in the shadow latches, and applied to the associated device I/O pins on each falling 
edge of TCK. Figures 11 and 12 show the 20-bit linear-feedback shift-register algorithms through which the 
signature is generated. An initial seed value should be scanned into the BSR before performing this operation. 
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B10-I/O B9-I/0 B8-I/0 B7-I/0 B6-I/0 B5-I/0 B4-I/0 B3-I/0 B2-I/0 B1-I/0 



Figure 11. 20-Bit PSA/COUNT Configuration (OEAB = 0, OEBA = 1) 
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Figure 12. 20-Bit PSA/COUNT Configuration (OEAB s 1, OEBA = 0) 
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timing description 

All test operations of the 'ABTH18504A and 'ABTH182504A are synchronous to the TCK signal. Data on the 
TDI, TMS, and normal-function inputs is captured on the rising edge of TCK. Data appears on the TDO and 
normal-function output pins on the falling edge of TCK. The TAP controller is advanced through its states (as 
shown in Figure 1) by changing the value of TMS on the falling edge of TCK and then applying a rising edge 
to TCK. 

A simple timing example is shown in Figure 13. In this example, the TAP controller begins in the 
Test-Logic-Reset state and is advanced through its states, to perform one instruction-register scan and one 
data-register scan. While in the Shift-IR and Shift-DR states, TDI is used to input serial data, and TDO is used 
to output serial data. The TAP controller is then returned to the Test-Logic-Reset state. Table 5 details the 
operation of the test circuitry during each TCK cycle. 



Table 5. Explanation of Timing Example 



TCK 
CYCLE(S) 


TAP STATE 
AFTER TCK 


DESCRIPTION 


1 


Test-Logic-Reset 


TMS is changed to a logic 0 value on the falling edge of TCK to begin advancing the TAP controller toward 
the desired state. 


2 


Run-Test/ldle 




3 


Select-DR-Scan 




4 


Select-IR-Scan 




5 


Capture-IR 


The IR captures the 8-bit binary value 10000001 on the rising edge of TCK as the TAP controller exits the 
Capture-IR state. 


6 


Shift-IR 


TDO becomes active and TDI is made valid on the falling edge of TCK. The first bit is shifted into the TAP 
on the rising edge of TCK as the TAP controller advances to the next state. 


7-13 


Shift-IR 


One bit is shifted into the IR on each TCK rising edge. With TDI held at a logic 1 value, the 8-bit binary value 
1 1 1 1 1 1 1 1 is serially scanned into the I R. At the same time, the 8-bit binary value 1 0000001 is serially scanned 
out of the IR via TDO. In TCK cycle 13, TMS is changed to a logic 1 value to end the IR scan on the next 
TCK cycle. The last bit of the instruction is shifted as the TAP controller advances from Shift-IR to Exit1-IR. 


14 


ExitMR 


TDO becomes inactive (goes to the high-impedance state) on the falling edge of TCK. 


15 


Update-IR 


The IR is updated with the new instruction (BYPASS) on the falling edge of TCK. 


16 


Select-DR-Scan 




17 


Capture-DR 


The bypass register captures a logic 0 value on the rising edge of TCK as the TAP controller exits the 
Capture-DR state. 


18 


Shift-DR 


TDO becomes active and TDI is made valid on the falling edge of TCK. The first bit is shifted into the TAP 
on the rising edge of TCK as the TAP controller advances to the next state. 


19-20 


Shift-DR 


The binary value 101 is shifted in via TDI, while the binary value 010 is shifted out via TDO. 


21 


Exit1-DR 


TDO becomes inactive (goes to the high-impedance state) on the falling edge of TCK. 


22 


Update-DR 


In general, the selected data register is updated with the new data on the falling edge of TCK. 


23 


Select-DR-Scan 




24 


Select-IR-Scan 




25 


Test-Logic-Reset 


Test operation completed 
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Controller 
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fXx\ 3-State (TDO) or Don't Care (TDI) 

Figure 13. Timing Example 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, V<x -0-5 V to 7 V 

Input voltage range, V|: except I/O ports (see Note 1) -0.5 V to 7 V 

I/O ports (see Note 1 ) -0.5 V to 5.5 V 

Voltage range applied to any output in the high state or power-off state, Vq -0.5 V to 5.5 V 

Current into any output in the low state, lo: SN54ABTH18504A 96 mA 

SN54ABTH182504A(AportorTDO) 96 mA 

SN54ABTH182504A(Bport) 30 mA 

SN74ABTH18504A 128 mA 

SN74ABTH182504A(AportorTDO) 128 mA 

SN74ABTH182504A(Bport) 30 mA 

Input clamp current, Ijk ( v I < °) -1 8 mA 

Output clamp current, Iqk (Vo < 0) -50 mA 

Continuous current through Vrjc 576 mA 

Continuous current through GND 1 1 52 mA 

Maximum power dissipation at Ta = 55°C (in still air) (see Note 2):PM package 1 W 

Storage temperature range, T s t g -65°C to 150°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 
NOTES: 1 . The input and output negative-voltage ratings can be exceeded if the input and output clamp-current ratings are observed. 

2. The maximum package power dissipation is calculated using a junction temperature of 150°C and a board trace length of 75 mils. 
For more information, refer to the Package Thermal Considerations application note in the ABT Advanced BiCMOS Technology Data 
Book, literature number SCBD002. 
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recommended operating conditions 





SN54ABTH1 8504A 


SN74ABTH18504A 


UNIT 


MIN MAX 


MIN MAX 


Vcc Supply voltage 


4.5 5 


4.5 5.5 


V 


Vih High-level input voltage 


2 & 


2 


V 


V||_ Low-level input voltage 




0.8 


V 


V| Input voltage 


v cc 


0 Vcc 


V 


'OH High-level output current 


& "24 


-32 


mA 


IrjL Low-level output current 


48 


64 


mA 


At/Av Input transition rise or fall rate 


€r 


10 


ns/V 


Ta Operating free-air temperature 


"* -55 125 


-40 85 


°C 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


T A = 25°C 


SN54ABTH18504A 


SN74ABTH18504A 


UNIT 


MIN TYPt MAX 


MIN MAX 


MIN MAX 


V| K 


Vcc = 4.5 V, l|--18mA 


-1 .2 


-1 .2 


-1 .2 


V 


VOH 


Vcc = 4.5 v > 'OH » -3 mA 


2.5 


2.5 


2.5 


V 


V C C = 5V, loH=-3rrtA 


3 


3 


3 


V C C - 4.5 V 


Iqh = -24 mA 


2 


2 




lOH = -32 mA 


2* 




2 


vol 


V C C = 4.5V 


lOL = 48 mA 


0.55 


0.55 




V 


Iql = 64 mA 


0.55* 




0.55 


ii 


CLK, CLKEN, 
LE, TCK 


Vcc = 0 10 5 - 5 v, 
V| = Vcc Of G ND 


±1 


±1 


+1 


HA 


A or B ports 


Vcc - 5-5 V, V| = Vcc or GND 


±20 


+20 


±20 


l|H 


OE, TDI, TMS 


V C C = 5.5 V, V| = V C C 


10 


10 


10 


HA 


IlL 


OE, TDI, TMS 


Vcc - 5-5 V, V| - GND 


-40 -150 


-40 -150 


-AO -150 


HA 


1 1 (hold)* 


A or B ports 


V C C = 4.5 V 


V| = 0.8 V 


75 220 500 




75 500 


HA 


V|-2V 


-75 -180 -500 


<ttr — 


-75 -500 


lOZH 


TDO 


Vcc = 2.1 V to 5.5 V, 
Vo = 2.7 V, OE = 2 V 


10 


& 10 


10 


HA 


bZL 


TDO 


Vcc = 2.1 V to 5.5 V, 
Vq = 0.5 V, OE = 2 V 


-10 


A" -io 

o 


-10 


uA 


lOZPU 


TDO 


Vcc = 0 to 2.1 v . 

Vo = 2.7 V or 0.5 V, OE = 0.8 V 


±50 


<*' 
Cf 
ic 


+50 


uA 


'OZPD 


TDO 


Vcc = 2.1 V to 0, 

Vo = 2.7 V or 0.5 V, OE = 0.8 V 


±50 


H 


±50 


uA 


•off 


Vcc = 0, V| or V 0 <■ 4.5 V 


±100 




±100 


HA 


'CEX 


Outputs high 


Vcc = 5.5 V, Vo - 5.5 V 


50 


50 


50 


pA 


io§ 


Vcc = 5.5 V, Vq = 2.5 V 


-50 -110 -200 


-50 -200 


-50 -200 


mA 


ice 


Outputs high 


V C C = 5.5 V, 

io-o. 

V| = Vcc or 
GND 


A or B ports 


1.6 2.2 


2.2 


2.2 


mA 


Outputs low 


19 27 


27 


27 


Outputs 
disabled 


0.9 2 


2 


2 


Alec 11 


Vcc = 5 - 5 V ' 0ne in P ut at 3 -4 V, 
Other inputs at Vcc or ^ ND 


1.5 


1.5 


1.5 


mA 


Cj 


Control inputs 


V| = 2.5 V or 0.5 V 


5 






PF 


Cj 0 


A or B ports 


Vo = 2.5 V or 0.5 V 


10 






PF 


Co 


TDO 


Vq - 2.5 V or 0.5 V 


8 






PF 



* On products compliant to MIL-PRF-38535, this parameter does not apply, 
t All typical values are at Vcc = 5 V. 

$The parameter l|(hoId) includes the off-state output leakage current. 

§ Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 
H This is the increase In supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (normal mode) (see Figure 14) 











SN54ABTH18504A 


SN74ABTH18504A 


UNIT 










MIN MAX 


MIN 


MAX 


'clock 


Clock frequency 


CLKAB or CLKBA 


0 100 


0 


100 


MHz 




Pulse duration 


CLKAB or CLKBA high or low 


4.5 


4.5 


ns 


t w 


LEAB or LEBA 


CLK high or low 


3.5 j$f 


3.5 






A before CLKABt or B before CLKBAt 


3.5 $f 


3.5 






Setup time 


A before LEABl or B before LEBAl 


CLK high 


3.5 4P 


3.5 


ns 


tsu 


CLK low 




2 






CLKEN before CLKT 




4 








A after CLKABt or B after CLKBAt 




0.5 




th 


Hold time 


A after LEABi or B after LEBAl 


CLK high or low 


"* 4 


4 


ns 






CLKEN after CLKt 


0.5 


0.5 




timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (test mode) (see Figure 14) 










SN54ABTH18504A 


SN74ABTH18504A 


UNIT 










MIN MAX 


MIN 


MAX 


'clock 


Clock frequency 


TCK 


0 50 


0 


50 


MHz 


t w 


Pulse duration 


TCK high or low 


8 


8 


ns 






A, B, CLK, LE, or OE before TCKt 


6 


6 




tsu 


Setup time 


TDI before TCKt 


4.5 $f 


4.5 


ns 






TMS before TCKt 


3# 


3 








A, B, CLK, LE, or OE after TCKt 




1.5 




th 


Hold time 


TDI after TCKt 




1 


ns 






TMS after TCKt 




1.5 




td 


Delay time 


Power up to TCKt 


*" 50 


50 


ns 


tr 


Rise time 


Vqc power up 


1 


1 


JIS 



PRODUCT PREVIEW Information concerns products In tha formative or 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (normal mode) (see Figure 14) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


Vqc = 5 v. 

Ta = 25°C 


SN54ABTH18504A 


SN74ABTH18504A 


UNIT 




MIN 


TYP 


MAX 


MIN 


MAX 


MIN 


MAX 




fmax 


CLKAB or 
CLKBA 




100 


130 




100 


100 


MHz 


tPLH 


A or B 


Bor A 


1.5 


3.1 


5 


1.5 


js , 6 


1.5 


5.5 


ns 


tPHL 


1.5 


3.6 


5 


1.5 


{F 6 


1.5 


5.5 


tPLH 


CLKAB or 


Bor A 


1.5 


3.7 


5 


1-5 & 


* 6 


1.5 


5.5 


ns 


tPHL 


CLKBA 


1.5 


3.8 


5 


1.5/r 


6 


1.5 


5.5 


tPLH 


LEAB or LEBA 


Bor A 


1.5 


3.9 


5.5 




6.5 


1.5 


6 


ns 


tPHL 


1.5 


3.6 


5.5 


6.5 


1.5 


6 


tPZH 




Bor A 


1.5 


4.6 


5.8 


#1.5 


7.5 


1.5 


7 


ns 


tPZL 


OEAB or OEBA 


1.5 


4.8 


5.8 


1.5 


7.5 


1.5 


7 


tPHZ 


OEAB or OEBA 


Bor A 


3 


7.1 


8.4 


3 


9.9 


3 


9.6 


ns 


tPLZ 


2 


5 


6.3 


2 


8.9 


2 


7.2 


switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (test mode) {see Figure 14) 


PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V C C = 5 V, 
Ta = 25°C 


SN54ABTH18504A 


SN74ABTH18504A 


UNIT 




MIN 


TYP 


MAX 


MIN 


MAX 


MIN 


MAX 




'max 


TCK 




50 


90 




50 


50 


MHz 


tPLH 


TCKi 


A or B 


2.5 


7.4 


11 


2.5 


14.5 


2.5 


13.1 


ns 


tPHL 


2.5 


7.6 


10.8 


2.5 


14 


2.5 


12.4 


tPLH 


TCK1 


TDO 


2 


3.8 


5.1 


2 


^7 


2 


5.6 


ns 


tPHL 


2 


4 


5.1 


2 # 7 


2 


5.6 


tPZH 


TCKJ- 


A or B 


4 


8 


11.5 


4 


14.5 


4 


13.4 


ns 


tPZL 


4 


8 


11.8 




15 


4 


13.6 


tPZH 


TCKJ- 


TDO 


2 


3.9 


5.7 




7.5 


2 


6.6 


ns 


tPZL 


2 


4.2 


6.2 




8 


2 


6.9 


tPHZ 


TCKi 


A or B 


4 


10.8 


13 


4" 4 


18 


4 


15 


ns 


tPLZ 


3 


9.1 


13.3 


3 


17.5 


3 


15 


tPHZ 


TCK-l 


TDO 


3 


5.3 


6.8 


3 


8 


3 


7.2 


ns 


tPLZ 


2.5 


4.2 


5.5 


2.5 


8 


2.5 


6.3 
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recommended operating conditions 





SN54ABTH1 82504A 


SN74ABTH1 82504 A 


UNIT 


MIN MAX 


MIN MAX 


Vcc Supply voltage 


4.5 5.5 


4.5 5.5 


v 


V|H High-level input voltage 


2 


2 


V 


V|i_ Low-level input voltage 


#°- 8 


0.8 


V 


V| Input voltage 




0 Vcc 


V 


Iqh High-level output current 


A port, TDO 


& -24 


-32 


mA 


Bport 


& -12 


-12 


Iql Low-level output current 


A port, TDO 


& 48 


64 


mA 


Bport 


— «F 


12 


At/Av Input transition rise or fall rate 


10 


10 


nsA/ 


Ta Operating free-air temperature 


-55 125 


-40 85 


°C 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 






Oil i HMD 1 niO£wU4M 


UNIT 


MIM TVD+ MAY 
M1N 1 Trl MM A 


MIM MAY 
ml Pi MM A 


MIM MAY 
ml Pi lYlHA 


V|K 


Vcc = 4.5 V, l|=-18mA 


1 o 


1 O 


1 0 


V 


v OH 


A port, TDO 


Vcc - 4.5 V. bH = -3 mA 








V 


Vcc = 5 V, lOH = -3 mA 


Q 

o 


o 
O 


o 
O 


V C C -4.5 V 


lOH = _ 24 mA 


o 


o 




Iqh = -32 mA 


2* 




2 


Bport 


Vcc = 4.5 V, Iqh ■ -1 m A 


3.35 


3.3 


3.35 


Vcc = 5 V, Iqh = -1 mA 


3.85 


3.8 


3.85 


V C C = 4.5 V 


lOH = -3 mA 


3.1 


3 


3.1 


IOH = -12mA 


2.6* 




2.6 


vol 


A port, TDO 


Vcc = 4.5 V 


lOL = 48 mA 


0.55 


0.55 




v 


lOL = 64 mA 


0.55* 




0.55 


Bport 


Vcc = 4.5 V 


lOL = 8 mA 


0.8 


0.8 


0.65 


Iql= 12 mA 


0.8* 




0.8 


ii 


CLK, CLKEN, 
LE, TCK 


Vcc = 0 to 5.5 V, 
V| = Vcc or GND 


±1 


±1 


±1 


HA 


A or B ports 


V C C = 5.5 V, 
V| = V C c or GND 


±20 




±20 


l|H 


OE, TDI, TMS 


Vcc = 5-5 V, V|=V C C 


10 


iF 10 


10 


jiA 


IlL 


OE, TDI, TMS 


V C C = 5.5 V, V| = GND 


-40 -150 


-40/*' -150 


-40 -150 




'l(hold)* 


A or B ports 


V C C = 4.5 V 


V| = 0.8 V 


75 220 500 




75 500 


uA 


V| = 2V 


-75 -180 -500 




-75 -500 


'OZH 


TDO 


V C C = 2.1 V to 5.5 V, 
Vo = 2.7 V, OE = 2 V 


10 


10 


10 


\iA 


lOZL 


TDO 


Vcc = 2 - 1 V to 5.5 V, 
Vo = 0.5 V, OE = 2 V 


-10 


-10 


-10 


jiA 


lOZPU 


TDO 


Vcc = 0 to 2.1 V, 
Vq = 2.7 V or 0.5 V, 
OE = 0.8 V 


±50 




±50 


HA 


'OZPD 


TDO 


V C C = 2.1 VtoO, 
Vo = 2.7 V or 0.5 V, 
OE = 0.8 V 


±50 




±50 


HA 


'off 


Vcc = 0, V| or Vq < 4.5 V 


±100 




±100 


HA 


ICEX 


Outputs high 


V C C = 5.5 V, Vo = 5.5 V 


50 


50 


50 


HA 


io § 


A port, TDO 


Vcc = 5.5 V, Vo = 2.5 V 


-50 -110 -200 


-50 -200 


-50 -200 


mA 


Bport 


Vcc = 5.5 V, Vq = 2.5 V 


-25 -55 -100 


-25 -100 


-25 -100 


ice 


Outputs high 


V C C = 5.5 V, 

io-o. 

V| = Vcc or 
GND 


A or B ports 


1.4 2.2 


2.2 


2.2 


mA 


Outputs low 


25 30 


30 


30 


Outputs 
disabled 


0.9 2 


2 


2 



* On products compliant to MIL-PRF-38535, this parameter does not apply, 
t All typical values are at Vcc = 5 V. 

t The parameter l|(hold) includes the off-state output leakage current. 

§ Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (continued) 



PARAMETER 


TEST CONDITIONS 


Ta = 25°C 


SN54ABTH182504A 




SN74ABTH182504A 


UNIT 


MIN TYPt MAX 


MIN 0AX 


MIN MAX 


Alec* 


V C C= 5.5 V, 

One input at 3.4 V, 

Other inputs at Vcc or G ND 


1.5 


if .1-5 


1.5 


mA 


Cj 


Control inputs 


V| «= 2.5 V or 0.5 V 


5 


.a 3 




PF 


Cj 0 


A or B ports 


Vo = 2.5 V or 0.5 V 


10 






PF 


Co 


TDO 


Vq = 2.5 V or 0.5 V 


8 






PF 



t All typical values are at Vcc = 5 V. 

t This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 



timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (normal mode) (see Figure 14) 





SN54ABTH182504A 


SN74ABTH182504A 


UNIT 


MIN MAX 


MIN MAX 


'clock Clock frequency 


CLKAB or CLKBA 


0 100 


0 100 


MHz 


t w Pulse duration 


CLKAB or CLKBA high or low 


4.5 


4.5 


ns 


LEAB or LEBA CLK high or low 


3-5 if 


3.5 


t su Setup time 


A before CLKAB? or B before CLKBAT 


3.5 


3.5 


ns 


A before LEABi or 
B before LEBA4- 


CLK high 


3.5 


3.5 


CLK low 


s 


2 


CLKEN before CLKT 




4 


th Hold time 


A after CLKABt or B after CLKBA? 




0.5 


ns 


A after LEABl or B after LEBAi 


CLK high or low 


" 4 


4 


CLKEN after CLKT 


0.5 


0.5 


timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (test mode) (see Figure 14) 




SN54ABTH182504A 


SN74ABTH182504A 


UNIT 


MIN MAX 


MIN MAX 


'clock Clock frequency 


TCK 


0 50 


0 50 


MHz 


t w Pulse duration 


TCK high or low 


8 


8 


ns 


t su Setup time 


A, B, CLK, LE, or OE before TCKT 


6 # 


6 


ns 


TDI before TCKT 


4-5 


4.5 


TMS before TCKT 


3 4^ 


3 


th Hold time 


A, B, CLK, LE, or OE after TCKT 




1.5 


ns 


TDI after TCKT 




1 


TMS after TCKT 


^•5 


1.5 


td Delay time 


Power up to TCKT 


" 50 


50 


ns 


t r Rise time 


Vcc power up 


1 


1 


»s 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (normal mode) (see Figure 14) 



DADAUCTCD 

KMriMlVit 1 fcn 


FROM 
(INPUT) 


TO 
(OUTPUT) 


Vcc = 5 v, 
T/\ = 25°C 


SN54ABTH182504A 


SN74ABTH182504A 


1 IMIT 

UNI 1 


MIN TYP MAX 


MIN MAX 


MIN MAX 


'max 


CLKAB or 
CLKBA 




100 130 


100 


100 


MHz 


l PLH 


A 


B 


1.5 3.5 5 


1.5 6 


1.5 5.5 


ns 


l PHL 


1.5 4.1 5.6 


1.5 6.4 


1.5 6.2 


l PLH 


B 


A 


1.5 3.2 5 


1.5 6 


1.5 5.5 


ns 


'PHL 


1.5 3.4 5 


1-5 J* 6 


1.5 5.5 


tPLH 


CLKAB 


B 


1.5 3.9 5.4 


1.5 i^6.2 


1.5 6.1 


ns 


tPHL 


1.5 4.2 5.8 


1.5 6.4 
gz. 


1.5 6.2 


tpLH 


CLKBA 


A 


1.5 4 5 


1.5 AT 6 


1.5 5.5 


ns 


tPHL 


1.5 4.2 5 


6 


1.5 5.5 


tPLH 


LEAB 


B 


1.5 4.1 5.6 


,JCti5 6.5 


1.5 6.3 


ns 


tPHL 


1.5 4.1 5.6 


Cl.5 6.5 


1.5 6.2 


<PLH 


LEBA 


A 


1.5 4.1 5.5 


1.5 6.5 


1.5 6 


ns 


tPHL 


1.5 3.9 5.5 


1.5 6.5 


1.5 6 


tpZH 




Bor A 


1.5 4.5 5.8 


1.5 . 7.5 


1.5 7 


ns 


*PZL 


OEAB or OEBA 


1.5 4.5 5.8 


1.5 7.5 


1.5 7 


tPHZ 




Bor A 


3 5.5 8.4 


3 9.9 


3 9.6 


ns 


l PLZ 


OEAB or OEBA 


2 4.6 6.3 


2 8.9 


2 7.2 


switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (test mode) (see Figure 14) 


PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


Vcc = 5 V, 
Ta = 25°C 


SN54ABTH182504A 


SN74ABTH182504A 


UNIT 


MIN TYP MAX 


MIN MAX 


MIN MAX 


'max 


TCK 




50 90 


50 


50 


MHz 


tPLH 


TCK-l 


AorB 


2.5 6.8 11 


2.5 14.5 


2.5 13.1 


ns 


tPHL 


2.5 7.2 10.8 


2.5 14 


2.5 12.4 


'PLH 


TCKi 


TDO 


2 3.6 5.1 


2 ^ 7 


2 5.6 


ns 


'PHL 


2 3.8 5.1 


2 ^ 7 


2 5.6 


'PZH 


TCKi 


AorB 


4 7.8 11.5 


4 # 14.5 


4 13.4 


ns 
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NOTES: A. Cl includes probe and jig capacitance. 

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

C. All input pulses are supplied by generators having the following characteristics: PRR < 1 0 MHz, Zo = 50 fl, t r < 2.5 ns, tf < 2.5 ns. 

D. The outputs are measured one at a time with one transition per measurement. 



Figure 14. Load Circuit and Voltage Waveforms 
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Members of the Texas Instruments 
SCOPE™ Family of Testability Products 

Members of the Texas Instruments 
Widebus™ Family 

Compatible With the IEEE Standard 
1149.1-1990 (JTAG) Test Access Port 
and Boundary-Scan Architecture 

Include D-Type Flip-Flops and Control 
Circuitry to Provide Multiplexed 
Transmission of Stored and Real-Time Data 

Bus Hold on Data Inputs Eliminates the 
Need for External Pullup Resistors 

B-Port Outputs of 'ABTH182646A Devices 
Have Equivalent 25-Q Series Resistors, So 
No External Resistors Are Required 
State-of-the-Art EPIC-IIB™ BiCMOS Design 



One Boundary-Scan Cell Per I/O 
Architecture Improves Scan Efficiency 

SCOPE™ Instruction Set 

- IEEE Standard 1149.1-1990 Required 
Instructions and Optional CLAMP and 
HIGHZ 

- Parallel-Signature Analysis at Inputs 

- Pseudo-Random Pattern Generation 
From Outputs 

- Sample Inputs/Toggle Outputs 

- Binary Count From Outputs 

- Device Identification 

- Even-Parity Opcodes 

Packaged in 64-Pin Plastic Thin Quad Flat 
(PM) Packages Using 0.5-mm 
Center-to-Center Spacings and 68-Pin 
Ceramic Quad Flat (HV) Packages Using 
25-mil Center-to-Center Spacings 
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SCOPE, Widebus, and EPIC-IIB are trademarks of Texas Instruments Incorporated. 
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SN74ABTH18646A, SN74ABTH182646A . . . PM PACKAGE 
(TOP VIEW) 
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description 

The 'ABTH18646A and 'ABTH182646A scan test devices with 18-bit bus transceivers and registers are 
members of the Texas Instruments SCOPE™ testability integrated-circuit family. This family of devices supports 
IEEE Standard 1149.1-1990 boundary scan to facilitate testing of complex circuit-board assemblies. Scan 
access to the test circuitry is accomplished via the 4-wire test access port (TAP) interface. 

In the normal mode, these devices are 18-bit bus transceivers and registers that allow for multiplexed 
transmission of data directly from the input bus or from the internal registers. They can be used either as two 
9-bit transceivers or one 1 8-bit transceiver. The test circuitry can be activated by the TAP to take snapshot 
samples of the data appearing at the device pins or to perform a self test on the boundary-test cells. Activating 
the TAP in the normal mode does not affect the functional operation of the SCOPE™ bus transceivers and 
registers. 

Transceiver function is controlled by output-enable (OE) and direction (DIR) inputs. When OE is low, the 
transceiver is jictive and operates in the A-to-B direction when DIR is high or in the B-to-A direction when DIR 
is low. When OE is high, both the A and B outputs are in the high-impedance state, effectively isolating both 
buses. 

Data flow is controlled by clock (CLKAB and CLKBA) and select (SAB and SBA) inputs. Data on the A bus is 
clocked into the associated registers on the low-to-high transition of CLKAB. When SAB is low, real-time A data 
is selected for presentation to the B bus (transparent mode). When SAB is high, stored A data is selected for 
presentation to the B bus (registered mode). The function of the CLKBA and SBA inputs mirrors that of CLKAB 
and SAB, respectively. Figure 1 shows the four fundamental bus-management functions that are performed with 
the 'ABTH18646A and 'ABTH182646A. 
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description (continued) 

In the test mode, the normal operation of the SCOPE™ bus transceivers and registers is inhibited, and the test 
circuitry is enabled to observe and control the I/O boundary of the device. When enabled, the test circuitry 
performs boundary-scan test operations according to the protocol described in IEEE Standard 1149.1-1990. 

Four dedicated test pins observe and control the operation of the test circuitry: test data input (TDI), test data 
output (TDO), test mode select (TMS), and test clock (TCK). Additionally, the test circuitry performs other testing 
functions such as parallel-signature analysis (PSA) on data inputs and pseudo-random pattern generation 
(PRPG) from data outputs. All testing and scan operations are synchronized to the TAP interface. 

Improved scan efficiency is accomplished through the adoption of a one boundary-scan cell (BSC) per I/O pin 
architecture. This architecture is implemented in such a way as to capture the most pertinent test data. A 
PSA/COUNT instruction also is included to ease the testing of memories and other circuits where a binary count 
addressing scheme is useful. 

Active bus-hold circuitry holds unused or floating data inputs at a valid logic level. 

The B-port outputs of 'ABTH182646A, which are designed to source or sink up to 12 mA, include 25-Q series 
resistors to reduce overshoot and undershoot. 

The SN54ABTH18646A and SN54ABTH 182646 A are characterized for operation over the full military 
temperature range of-55°Cto 125°C. The SN74ABTH1 8646A and SN74ABTH1 82646A are characterized for 
operation from -40°C to 85°C. 



FUNCTION TABLE 
(normal mode, each 9-bit section) 



INPUTS 


DATA I/O 


OPERATION OR FUNCTION 


OE 


DIR 


CLKAB 


CLKBA 


SAB 


SBA 


A1 -A9 


B1-B9 


X 


X 


T 


X 


X 


X 


Input 


Unspecifiedt 


Store A, B unspecifiedt 


X 


X 


X 


T 


X 


X 


Unspecified!" 


Input 


Store B, A unspecifiedt 


H 


X 


T 


T 


X 


X 


Input 


Input 


Store A and B data 


H 


X 


L 


L 


X 


X 


Input disabled 


Input disabled 


Isolation, hold storage 


L 


L 


X 


X 


X 


L 


Output 


Input 


Real-time B data to A bus 


L 


L 


X 


X 


X 


H 


Output 


Input disabled 


Stored B data to A bus 


L 


H 


X 


X 


L 


X 


Input 


Output 


Real-time A data to B bus 


L 


H 


X 


X 


H 


X 


Input disabled 


Output 


Stored A data to B bus 



t The data-output functions can be enabled or disabled by various signals at OE and DIR. Data-input functions are always enabled; i.e., data at 
the bus pins is stored on every low-to-high transition of the clock inputs. 
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Figure 1. Bus-Management Functions 
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functional block diagram 
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Pin numbers shown are for the PM package. 
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Terminal Functions 


TERMINAL NAME 


DESCRIPTION 


1A1-1A9, 
2A1-2A9 




1B1-1B9, 
2B1-2B9 


Normal-function B-bus I/O ports. See function table for normal-mode loQic. 


1CLKAB, 1CLKBA, 
2CLKAB, 2CLKBA 


Normal-function clock inputs. See function table for normal-mode logic. 


1DIR.2DIR 


Normal-function direction controls. See function table for normal-mode logic. 


GND 


Ground 


10E.20E 


Normal-function output enables. See function table for normal-mode logic. An internal pullup at each terminal forces the 
terminal to a high level if left unconnected. 


IOAD, IODM t 

2SAB, 2SBA 


Normal-function select controls. See function table for normal-mode logic. 


TCK 


Test clock. One of fourterminals required by IEEE Standard 1 149.1-1 990. Test operations of the device are synchronous 
to TCK. Data is captured on the rising edge of TCK and outputs change on the falling edge of TCK. 


TDI 


Test data input. One of four terminals required by IEEE Standard 1149.1-1990. TDI is the serial input for shifting data 
through the instruction register or selected data register. An internal pullup forces TDI to a high level if left unconnected. 


TDO 


Test data output. One of four terminals required by IEEE Standard 1 1 49.1 -1 990. TDO is the serial output for shifting data 
through the instruction register or selected data register. 


TMS 


Test mode select. One of four terminals required by IEEE Standard 1 1 49. 1 -1 990. TMS directs the device through its TAP 
controller states. An internal pullup forces TMS to a high level if left unconnected. 


vcc 


Supply voltage 



^ Texas 
Instruments 

5-78 POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 



SN54ABTH18646A, SN54ABTH182646A, SN74ABTH18646A, SN74ABTH182646A 

SCAN TEST DEVICES WITH 
18-BIT TRANSCEIVERS AND REGISTERS 



SCBS166D- AUGUST 1993-REVISED JULY 1996 



test architecture 

Serial-test information is conveyed by means of a 4-wire test bus or TAP that conforms to IEEE Standard 
1149.1-1990. All test instructions, test data, and test control signals are passed along this serial-test bus. The 
TAP controller monitors two signals from the test bus, TCK and TMS. The function of the TAP controller is to 
extract the synchronization (TCK) and state control (TMS) signals from the test bus and generate the 
appropriate on-chip control signals for the test structures in the device. Figure 2 shows the TAP-controller state 
diagram. 

The TAP controller is fully synchronous to the TCK signal. Input data is captured on the rising edge of TCK and 
output data changes on the falling edge of TCK. This scheme ensures data to be captured is valid for fully 
one-half of the TCK cycle. 

The functional block diagram shows the IEEE Standard 1149.1-1990 4-wire test bus and boundary-scan 
architecture and the relationship among the test bus, the TAP controller, and the test registers. As shown, the 
device contains an 8-bit instruction register and four test-data registers: a 52-bit boundary-scan register, a 3-bit 
boundary-control register, a 1-bit bypass register, and a 32-bit device-identification register. 
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Figure 2. TAP-Controller State Diagram 
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state diagram description 

The TAP controller is a synchronous finite state machine that provides test control signals throughout the device. 
The state diagram shown in Figure 2 is in accordance with IEEE Standard 1149.1-1990. The TAP controller 
proceeds through its states based on the level of TMS at the rising edge of TCK. 

As shown, the TAP controller consists of 1 6 states. There are six stable states (indicated by a looping arrow in 
the state diagram) and ten unstable states. A stable state is a state the TAP controller can retain for consecutive 
TCK cycles. Any state that does not meet this criterion is an unstable state. 

There are two main paths through the state diagram: one to access and control the selected data register and 
one to access and control the instruction register. Only one register can be accessed at a time. 

Test-Logic-Reset 

The device powers up in the Test-Logic-Reset state. In the stable Test-Logic-Reset state, the test logic is reset 
and is disabled so that the normal logic function of the device is performed. The instruction register is reset to 
an opcode that selects the optional IDCODE instruction, if supported, or the BYPASS instruction. Certain data 
registers also can be reset to their power-up values. 

The state machine is constructed such that the TAP controller returns to the Test-Logic-Reset state in no more 
than five TCK cycles if TMS is left high. The TMS pin has an internal pullup resistor that forces it high if left 
unconnected or if a board defect causes it to be open circuited. 

For the 'ABTH1 8646A and 'ABTH1 82646A, the instruction register is reset to the binary value 1 0000001 , which 
selects the IDCODE instruction. Bits 51-48 in the boundary-scan register are reset to logic 0, ensuring that 
these cells, which control A-port and B-port outputs, are set to benign values (i.e., if test mode were invoked, 
the outputs would be at high-impedance state). Reset values of other bits in the boundary-scan register should 
be considered indeterminate. The boundary-control register is reset to the binary value 01 0, which selects the 
PSA test operation. 

Run-Test/Idle 

The TAP controller must pass through the Run-Test/Idle state (from Test-Logic-Reset) before executing any test 
operations. The Run-Test/ldle state also can be entered following-data register or instruction-register scans. 
Run-Test/Idle is provided as a stable state in which the test logic can be actively running a test or can be idle. 
The test operations selected by the boundary-control register are performed while the TAP controller is in the 
Run-Test/Idle state. 

Select-DR-Scan, Select-IR-Scan 

No specific function is performed in the Select-DR-Scan and Select-IR-Scan states, and the TAP controller exits 
either of these states on the next TCK cycle. These states allow the selection of either data-register scan or 
instruction-register scan. 

Capture-DR 

When a data-register scan is selected, the TAP controller must pass through the Capture-DR state. In the 
Capture-DR state, the selected data register can capture a data value as specified by the current instruction. 
Such capture operations occur on the rising edge of TCK, upon which the TAP controller exits the Capture-DR 
state. 

Shift-DR 

Upon entry to the Shift-DR state, the data register is placed in the scan path between TDI and TDO, and on the 
first falling edge of TCK, TDO goes from the high-impedance state to an active state. TDO enables to the logic 
level present in the least-significant bit of the selected data register. 
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Shift-DR (continued) 

While in the stable Shift-DR state, data is serially shifted through the selected data register on each TCK cycle. 
The first shift occurs on the first rising edge of TCK after entry to the Shift-DR state (i.e., no shifting occurs during 
the TCK cycle in which the TAP controller changes from Capture-DR to Shift-DR or from Exit2-DR to Shift-DR). 
The last shift occurs on the rising edge of TCK, upon which the TAP controller exits the Shift-DR state. 

Exltl-DR, Exit2-DR 

The Exit1-DR and Exit2-DR states are temporary states that end a data-register scan. It is possible to return 
to the Shift-DR state from either Exit1-DR or Exit2-DR without recapturing the data register. On the first falling 
edge of TCK after entry to Exit1-DR, TDO goes from the active state to the high-impedance state. 

Pause-DR 

No specific function is performed in the stable Pause-DR state, in which the TAP controller can remain 
indefinitely. The Pause-DR state can suspend and resume data register-scan operations without loss of data. 

Update-DR 

If the current instruction calls for the selected data register to be updated with current data, such update occurs 
on the falling edge of TCK, following entry to the Update-DR state. 

Capture-IR 

When an instruction-register scan is selected, the TAP controller must pass through the Capture-IR state. In 
the Capture-IR state, the instruction register captures its current status value. This capture operation occurs 
on the rising edge of TCK, upon which the TAP controller exits the Capture-IR state. For the 'ABTH1 8646A and 
'ABTH182646A, the status value loaded in the Capture-IR state is the fixed binary value 10000001 . 

Shift-IR 

Upon entry to the Shift-IR state, the instruction register is placed in the scan path between TDI and TDO, and 
on the first falling edge of TCK, TDO goes from the high-impedance state to an active state. TDO enables to 
the logic level present in the least-significant bit of the instruction register. 

While in the stable Shift-IR state, instruction data is serially shifted through the instruction register on each TCK 
cycle. The first shift occurs on the first rising edge of TCK after entry to the Shift-IR state (i.e., no shifting occurs 
during the TCK cycle, in which the TAP controller changes from Capture-IR to Shift-IR or from Exit2-IR to 
Shift-IR). The last shift occurs on the rising edge of TCK, upon which the TAP controller exits the Shift-IR state. 

ExitMR, Exit2-IR 

The Exit1-IR and Exit2-IR states are temporary states that end an instruction-register scan. It is possible to 
return to the Shift-IR state from either Exit1-IR or Exit2-IR without recapturing the instruction register. On the 
first falling edge of TCK after entry to Exit1-IR, TDO goes from the active state to the high-impedance state. 

Pause-IR 

No specific function is performed in the stable Pause-IR state, in which the TAP controller can remain 
indefinitely. The Pause-IR state can suspend and resume instruction-register scan operations without loss of 
data. 

Update-IR 

The current instruction is updated and takes effect on the falling edge of TCK, following entry to the Update-IR 
state. 
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register overview 

With the exception of the bypass and device-identification registers, any test register can be thought of as a 
serial-shift register with a shadow latch on each bit. The bypass and device-identification registers differ in that 
they contain only a shift register. During the appropriate capture state (Capture-IR for instruction register, 
Capture-DR for data registers), the shift register can be parallel loaded from a source specified by the current 
instruction. During the appropriate shift state (Shift-IR or Shift-DR), the contents of the shift register are shifted 
out from TDO while new contents are shifted in at TDI. During the appropriate update state (Update-IR or 
Update-DR), the shadow latches are updated from the shift register. 



instruction register description 

The instruction register (IR) is eight bits long and tells the device what instruction is to be executed. Information 
contained in the instruction includes the mode of operation (either normal mode, in which the device performs 
its normal logic function, or test mode, in which the normal logic function is inhibited or altered) , the test operation 
to be performed, which of the four data registers is to be selected for inclusion in the scan path during 
data-register scans, and the source of data to be captured into the selected data register during Capture-DR. 

Table 3 lists the instructions supported by the 'ABTH18646A and 'ABTH182646A. The even-parity feature 
specified for SCOPE™ devices is supported in this device. Bit 7 of the instruction opcode is the parity bit. Any 
instructions that are defined for SCOPE™ devices but are not supported by this device default to BYPASS. 

During Capture-IR, the IR captures the binary value 1 0000001 . As an instruction is shifted in, this value is shifted 
out via TDO and can be inspected as verification that the IR is in the scan path. During Update-IR, the value 
that has been shifted into the IR is loaded into shadow latches. At this time, the current instruction is updated 
and any specified mode change takes effect. At power up or in the Test-Logic-Reset state, the IR is reset to the 
binary value 1 0000001 , which selects the IDCODE instruction. The IR order of scan is shown in Figure 3. 



Bit 7 




























BitO 
(LSB) 


Parity 
(MSB) 


— ► 


Bit 6 


— ► 


Bit 5 


— ► 


Bit 4 


— ► 


Bit 3 


— * 


Bit 2 


— * 


Blt1 


— > 



Figure 3. Instruction Register Order of Scan 
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data register description 
boundary-scan register 

The boundary-scan register (BSR) is 52 bits long. It contains one boundary-scan cell (BSC) for each 
normal-function input pin, one BSC for each normal-function I/O pin (one single cell for both input data and 
output data), and one BSC for each of the internally decoded output-enable signals (10EA, 20EA, 10EB, 
20EB). The BSR is used 1 ) to store test data that is to be applied externally to the device output pins, and/or 
2) to capture data that appears internally at the outputs of the normal on-chip logic and/or externally at the device 
input pins. 

The source of data to be captured into the BSR during Capture-DR is determined by the current instruction. The 
contents of the BSR can change during Run-Test/Idle as determined by the current instruction. At power up or 
in Test-Logic-Reset, BSCs 51-48 are reset to logic 0, ensuring that these cells, which control A-port and B-port 
outputs, are set to benign values (i.e., if test mode were invoked, the outputs would be at high-impedance state). 
Reset values of other BSCs should be considered indeterminate. 

When external data is to be captured, the BSCs for signals 1 0EA, 20EA, 1 0EB, and 20 EB capture logi c values 
determined_ by the following positive-logic equations: 10EA= 10E • 1DIR, 20EA = 20E • 2DIR, 
10EB = 10E • DIR, and 20EB = 20E • DIR. When data is to be applied externally, these BSCs control the 
drive state (active or high impedance) of their respective outputs. 

The BSR order of scan is from TDI through bits 51-0 to TDO. Table 1 shows the BSR bits and their associated 
device pin signals. 



Table 1. Boundary-Scan Register Configuration 



BSR BIT 
NUMBER 


DEVICE 
SIGNAL 


BSR BIT 
NUMBER 


DEVICE 
SIGNAL 


BSR BIT 
NUMBER 


DEVICE 
SIGNAL 


51 


20EB 


35 


2A9-I/0 


17 


2B9-I/0 


50 


10EB 


34 


2A8-I/0 


16 


2B8-I/0 


49 


20EA 


33 


2A7-I/0 


15 


2B7-I/0 


48 


10EA 


32 


2A6-I/0 


14 


2B6-I/0 


47 


2DIR 


31 


2A5-I/0 


13 


2B5-I/0 


46 


1DIR 


30 


2A4-I/0 


12 


2B4-I/0 


45 


20E 


29 


2A3-I/0 


11 


2B3-I/0 


44 


10E 


28 


2A2-I/0 


10 


2B2-I/0 


43 


2CLKAB 


27 


2A1-I/0 


9 


2B1-I/0 


42 


1CLKAB 


26 


1A9-I/0 


8 


1B9-I/0 


41 


2CLKBA 


25 


1A8-I/0 


7 


1B8-I/0 


40 


1CLKBA 


24 


1A7-I/0 


6 


1B7-I/0 


39 


2SAB 


23 


1A6-I/0 


5 


1B6-I/0 


38 


1SAB 


22 


1A5-I/0 


4 


1B5-I/0 


37 


2SBA 


21 


1A4-I/0 


3 


1B4-I/0 


36 


1SBA 


20 


1A3-I/0 


2 


1B3-I/0 






19 


1A2-I/0 


1 


1B2-I/0 






18 


1A1-I/0 


0 


1B1-I/0 
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boundary-control register 

The boundary-control register (BCR) is three bits long. The BCR is used in the context of the boundary-run test 
(RUNT) instruction to implement additional test operations not included in the basic SCOPE™ instruction set. 
Such operations include PRPG, PSA, and binary count up (COUNT). Table 4 shows the test operations that 
are decoded by the BCR. 

During Capture-DR, the contents of the BCR are not changed. At power up or in Test-Logic-Reset, the BCR is 
reset to the binary value 010, which selects the PSA test operation. The BCR order of scan is shown in 
Figure 4. 



TDI 





Bit 2 
(MSB) 




Bit 1 




BitO 


* 


► 


► 


(LSB) 



Figure 4. Boundary-Control Register Order of Scan 

bypass register 

The bypass register is a 1-bit scan path that can be selected to shorten the length of the system scan path, 
reducing the number of bits per test pattern that must be applied to complete a test operation. During 
Capture-DR, the bypass register captures a logic 0. The bypass register order of scan is shown in 
Figure 5. 





BItO 




► 


► 



Figure 5. Bypass Register Order of Scan 
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device-Identification register 

The device-identification register (IDR) is 32 bits long. It can be selected and read to identify the manufacturer, 
part number, and version of this device. 

For the 'ABTH1 8646A , the binary value 000000000000001 01 001 0000001 01 1 1 1 (0002902F, hex) is captured 
(during Capture-DR state) in the IDR to identify this device as Texas Instruments SN54/74ABTH18646A. 

For the 'ABTH 182646 A , the binary value 000000000000001 01101 0000001 01 1 1 1 (0002D02F, hex) is captured 
(during Capture-DR state) in the IDR to identify this device as Texas Instruments SN54/74ABTH182646A. 

The IDR order of scan is from TDI through bits 31-0 to TDO. Table 2 shows the IDR bits and their significance. 



Table 2. Device-Identification Register Configuration 



IDR BIT 
NUMBER 


IDENTIFICATION 
SIGNIFICANCE 


IDR BIT 
NUMBER 


IDENTIFICATION 
SIGNIFICANCE 


IDR BIT 
NUMBER 


IDENTIFICATION 
SIGNIFICANCE 


31 


VERSION3 


27 


PARTNUMBER15 


11 


M AN U FACTU R E R 1 0t 


30 


VERSION2 


26 


PARTNUMBER14 


10 


MANUFACTURER09T 


29 


VERSION1 


25 


PARTNUMBER13 


9 


MANUFACTURER08T 


28 


VERSION0 


24 


PARTNUMBER12 


8 


MANUFACTURER07T 






23 


PARTNUMBER11 


7 


MANUFACTURER06T 






22 


PARTNUMBER10 


6 


MANUFACTURER05T 






21 


PARTNUMBER09 


5 


MANUFACTURER04T 






20 


PARTNUMBER08 


4 


MANUFACTURER03T 






19 


PARTNUMBER07 


3 


MANUFACTURER02T 






18 


PARTNUMBER06 


2 


MANUFACTURER01T 






17 


PARTNUMBER05 


1 


MANUFACTUREROOt 






16 


PARTNUMBER04 


0 


LOGIC1T 






15 


PARTNUMBER03 










14 


PARTNUMBER02 










13 


PARTNUMBER01 










12 


PARTNUMBER00 







TNote that for Tl products, bits 11-0 of the device-identification register always contain the binary value 000000101111 



(02F, hex). 
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instruction-register opcode description 

The instruction-register opcodes are shown in Table 3. The following descriptions detail the operation of each 
instruction. 



Table 3. Instruction-Register Opcodes 



BINARY CODEt 
BIT 7-4 BIT 0 
MSB — > LSB 


SCOPE OPCODE 


DESCRIPTION 


SELECTED DATA 
REGISTER 


MODE 


nnnnnnnn 


EXTEST 


RminHarv/ eoan 
uuunuaiy ouctn 


RminHarv cmn 
cjwuiiuaiy oucli I 


Test 


' 10000001 


IDCODE 


IHontif ioatinn rosiH 

ILICI 1 LI 1 llsdMUl 1 ICCLU 


rio\/if*A iHontifif^atinn 

UK3VI\*V IUC7I IllliUclllUI 1 


Nlnrmal 


10000010 


SAMPLE/PRELOAD 


fiamnlA hmmriarv 

Oal 1 ILVIO UfJUl iucli y 


Rnnnriarv <5fian 
duui iucii y olsgu i 


1 1 IGI 


nnnnnnn 

UUUUUU 1 1 


RYPAR^t 


Rv/nace cran 
oypdod dual i 


Rv/nacc 
uypaoo 


Nlormal 


10000100 


BYPASS* 


Bypass scan 


Bypass 


Normal 


00000101 


BYPASS* 


Bypass scan 


Bypass 


Normal 


00000110 


HIGHZ 


Control boundary to high impedance 


Bypass 


Modified test 


10000111 


CLAMP 


Control boundary to 1/0 


Bypass 


Test 


1000.1000 


BYPASS* 


Bypass scan 


Bypass 


Normal 


00001001 


RUNT 


Boundary-run test 


Bypass 


Test 


00001010 


READBN 


Boundary read 


Boundary scan 


Normal 


10001011 


READBT 


Boundary read 


Boundary scan 


Test 


00001100 


CELLTST 


Boundary self test 


Boundary scan 


Normal 


10001101 


TOPHIP 


Boundary toggle outputs 


Bypass 


Test 


10001110 


SCANCN 


Boundary-control register scan 


Boundary control 


Normal 


00001111 


SCANCT 


Boundary-control register scan 


Boundary control 


Test 


All others 


BYPASS 


Bypass scan 


Bypass 


Normal 



t Bit 7 is used to maintain even parity in the 8-bit instruction. 

*The BYPASS instruction is executed in lieu of a SCOPE™ instruction that is not supported in the 'ABTH18646A or 'ABTH182646A. 



boundary scan 

This instruction conforms to the IEEE Standard 1149.1-1990 EXTEST instruction. The BSR is selected in the 
scan path. Data appearing at the device input and I/O pins is captured in the associated BSCs. Data that has 
been scanned into the I/O BSCs for pins in the output mode is applied to the device I/O pins. Data present at 
the device pins is passed through the BSCs to the normal on-chip logic. For I/O pins, the operation of a pin as 
input or output is determined by the contents of the output-enable BSCs (bits 51 -48 of the BSR). When a given 
output enable is active (logic 1), the associated I/O pins operate in the output mode. Otherwise, the I/O pins 
operate in the input mode. The device operates in the test mode. 

identification read 

This instruction conforms to the IEEE Standard 1149.1-1990 IDCODE instruction. The IDR is selected in the 
scan path. The device operates in the normal mode. 

sample boundary 

This instruction conforms to the IEEE Standard 1149.1-1990 SAMPLE/PRELOAD instruction. The BSR is 
selected in the scan path. Data appearing at the device input pins and I/O pins in the input mode is captured 
in the associated BSCs, while data appearing at the outputs of the normal on-chip logic is captured in the BSCs 
associated with I/O pins in the output mode. The device operates in the normal mode. 
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bypass scan 

This instruction conforms to the IEEE Standard 1149.1-1990 BYPASS instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. The device 
operates in the normal mode. 

control boundary to high Impedance 

This instruction conforms to the IEEE Standard 11 49.1 a-1 993 HIGHZ instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. The device 
operates in a modified test mode in which all device I/O pins are placed in the high-impedance state, the device 
input pins remain operational, and the normal on-chip logic function is performed. 

control boundary to 1/0 

This instruction conforms to the IEEE Standard 1149.1a-1993 CLAMP instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. Data in the I/O 
BSCs for pins in the output mode is applied to the device I/O pins. The device operates in the test mode. 

boundary-run test 

The bypass register is selected in the scan path. A logic 0 value is captured in the bypass register during 
Capture-DR. The device operates in the test mode. The test operation specified in the BCR is executed during 
Run-Test/ldle. The five test operations decoded by the BCR are: sample inputs/toggle outputs (TOPSIP), 
PRPG, PSA, simultaneous PSA and PRPG (PSA/PRPG), and simultaneous PSA and binary count up 
(PSA/COUNT). 

boundary read 

The BSR is selected in the scan path. The value in the BSR remains unchanged during Capture-DR. This 
instruction is useful for inspecting data after a PSA operation. 

boundary self test 

The BSR is selected in the scan path. All BSCs capture the inverse of their current values during Capture-DR. 
In this way, the contents of the shadow latches can be read out to verify the integrity of both shift-register and 
shadow-latch elements of the BSR. The device operates in the normal mode. 

boundary toggle outputs 

The bypass register is selected in the scan path. A logic 0 value is captured in the bypass register during 
Capture-DR. Data in the shift-register elements of the selected output-mode BSCs is toggled on each rising 
edge of TCK in Run-Test/Idle, updated in the shadow latches, and applied to the associated device I/O pins on 
each falling edge of TCK in Run-Test/ldle. Data in the input-mode BSCs remains constant. Data appearing at 
the device input or I/O pins is not captured in the input-mode BSCs. The device operates in the test mode. 

boundary-control-register scan 

The BCR is selected in the scan path. The value in the BCR remains unchanged during Capture-DR. This 
operation must be performed before a boundary-run test operation to specify which test operation is to be 
executed. 
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boundary-control register opcode description 

The BCR opcodes are decoded from BCR bits 2-0 as shown in Table 4. The selected test operation is performed 
while the RUNT instruction is executed in the Run-Test/ldle state. The following descriptions detail the operation 
of each BCR instruction and illustrate the associated PSA and PRPG algorithms. 



Table 4. Boundary-Control Register Opcodes 



BINARY CODE 
BIT 2 BIT 0 
MSB -> LSB 


DESCRIPTION 


XOO 


Sample inputs/toggle outputs (TOPSIP) 


X01 


Pseudo-random pattern generation/36-bit mode (PRPG) 


X10 


Parallel-signature analysis/36-bit mode (PSA) 


011 


Simultaneous PSA and PRPG/1 8-bit mode (PSA/PRPG) 


111 


Simultaneous PSA and binary count up/1 8-bit mode (PSA/COUNT) 



While the control input BSCs (bits 51-36) are not included in the toggle, PSA, PRPG, or COUNT algorithms, 
the output-enable BSCs (bits 5 1-48 of the BSR) control the drive state (active or high impedance) of the selected 
device output pins. These BCR instructions are valid only when both bytes of the device are operating in one 
direction of data flow (that is, 1 0EA * 1 0EB and 20EA * 20EB) and in the same direction of data flow (that is, 
1 0EA = 20EA and 1 0EB = 20EB). Otherwise, the bypass instruction is operated. 

sample inputs/toggle outputs (TOPSIP) 

Data appearing at the selected device input-mode I/O pins is captured in the shift-register elements of the 
associated BSCs on each rising edge of TCK. Data in the shift-register elements of the selected output-mode 
BSCs is toggled on each rising edge of TCK, updated in the shadow latches, and applied to the associated 
device I/O pins on each falling edge of TCK. 
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pseudo-random pattern generation (PRPG) 

A pseudo-random pattern is generated in the shift-register elements of the selected BSCs on each rising edge 
of TCK, updated in the shadow latches, and applied to the associated device output-mode I/O pins on each 
falling edge of TCK. Figures 6 and 7 illustrate the 36-bit linear-feedback shift-register algorithms through which 
the patterns are generated. An initial seed value should be scanned into the BSR before performing this 
operation. A seed value of all zeroes does not produce additional patterns. 



2A9-I/0 2A8-I/0 2A7-I/0 2A6-I/0 2A5-I/0 2A4-I/0 2A3-I/0 2A2-I/0 2A 1-1/0 



1A9-I/0 1A8-I/0 1A7-I/0 1A6-I/0 1A5-I/0 1A4-I/0 1A3-I/0 1A2-I/0 1A1-I/0 



2B9-I/0 2B8-I/0 2B7-I/0 2B6-I/0 2B5-I/0 2B4-I/0 2B3-I/0 2B2-I/0 2B1-I/0 



©■t> , 



T t 



B9-I/0 1B8-I/0 1B7-I/0 1B6-I/0 1B5-I/0 1B4-I/0 1B3-I/0 1B2-I/0 1B1-I/0 

Figure 6. 36-Bit PRPG Configuration (10EA = 20EA = 0, 10EB = 20EB = 1) 
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pseudo-random pattern generation (PRPG) (continued) 

2B9-I/0 2B8-I/0 2B7-I/0 2B6-I/0 2B5-I/0 2B4-I/0 2B3-I/0 2B2-I/0 2B1-I/0 
-> 



1B9-I/0 1B8-I/0 1B7-I/0 1B6-I/0 1B5-I/0 1B4-I/0 1B3-I/0 1B2-I/0 1B1-I/0 



2A9-I/0 2A8-I/0 2A7-I/0 2A6-I/0 2A5-I/0 2A4-I/0 2A3-I/0 2A2-I/0 2A1-I/0 



1A9-I/0 1A8-I/0 1A7-I/0 1A6-I/0 1A5-I/0 1A4-I/0 1A3-I/0 1A2-I/0 1A1-I/0 

Figure 7. 36-Bit PRPG Configuration (10EA = 20EA = 1, 10EB = 20EB = 0) 
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parallel-signature analysis (PSA) 

Data appearing at the selected device input-mode I/O pins is compressed into a 36-bit parallel signature in the 
shift-register elements of the selected BSCs on each rising edge of TCK. Data in the shadow latches of the 
selected output-mode BSCs remains constant and is applied to the associated device I/O pins. Figures 8 and 9 
illustrate the 36-bit linear-feedback shift-register algorithms through which the signature is generated. An initial 
seed value should be scanned into the BSR before performing this operation. 

2A9-I/0 2A8-I/0 2A7-I/0 2A6-I/0 2A5-I/0 2A4-I/0 2A3-I/0 2A2-I/0 2A1-I/0 



®I=<3H 



lllllllli 



.© 



© 



,©_© 



© 



© 



,©_©_© 



1A9-I/0 1A8-I/0 1A7-I/0 1A6-I/0 1A5-I/0 1A4-I/0 1A3-I/0 1A2-I/0 1A1-I/0 

L 1 1 1 1 1 1 1 i 



© 



© 



»©_©_©_© 



© 



© 



>© 



©- 



2B9-I/0 2B8-I/0 2B7-I/0 2B6-I/0 2B5-I/0 2B4-I/0 2B3-I/0 2B2-I/0 2B 1-1/0 



1B9-I/0 1B8-I/0 1B7-I/0 1B6-1/0 1B5-I/0 1B4-I/0 1B3-I/0 1B2-I/0 1B1-I/0 

Figure 8. 36-Bit PSA Configuration (10EA = 20EA = 0, 10EB = 20EB = 1) 
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parallel-signature analysis (PSA) (continued) 



©N<3H 



2B9-I/0 2B8-I/0 2B7-I/0 2B6-I/0 2B5-I/0 2B4-I/0 2B3-I/0 2B2-I/0 2B1-I/0 

L 1 1 1 1 1 1 i i 



© 



,©-,© 



© 



© 



.©—© 



© 



1B9-I/0 1B8-I/0 1B7-I/0 1B6-I/0 1B5-I/0 1B4-I/0 1B3-I/0 1B2-I/0 1B1-I/0 



© 



© 



© 



© 



,©_©_© 



© 



©^ 



©- 



2A9-I/0 2A8-I/0 2A7-I/0 2A6-I/0 2A5-I/0 2A4-I/0 2A3-I/0 2A2-I/0 2A1-I/0 



1A9-I/0 1A8-I/0 1A7-I/0 1A6-I/0 1A5-I/0 1A4-I/0 1A3-I/0 1A2-I/0 1A1-I/0 

Figure 9. 36-Bit PSA Configuration (10EA = 20EA = 1, 10EB = 20EB = 0) 
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simultaneous PSA and PRPG (PSA/PRPG) 

Data appearing at the selected device input-mode I/O pins is compressed into an 18-bit parallel signature in 
the shift-register elements of the selected input-mode BSCs on each rising edge of TCK. At the same time, an 
1 8-bit pseudo-random pattern is generated in the shift-register elements of the selected output-mode BSCs on 
each rising edge of TCK, updated in the shadow latches, and applied to the associated device I/O pins on each 
falling edge of TCK. Figures 10 and 11 illustrate the 18-bit linear-feedback shift-register algorithms through 
which the signature and patterns are generated. An initial seed value should be scanned into the BSR before 
performing this operation. A seed value of all zeroes does not produce additional patterns. 
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Figure 10. 18-Bit PSA/PRPG Configuration (10EA = 20EA = 0, 10EB = 20EB = 1) 
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simultaneous PSA and PRPG (PSA/PRPG) (continued) 
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© = 3 1A9-I/0 1A8-I/0 1A7-I/0 1A6-I/0 1A5-I/0 1A4-I/0 1A3-I/0 1A2-I/0 1A1-I/0 

Figure 11. 18-Bit PSA/PRPG Configuration (10EA = 20EA = 1, 10EB = 20EB = 0) 
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simultaneous PSA and binary count up (PSA/COUNT) 

Data appearing at the selected device input-mode I/O pins is compressed into an 18-bit parallel signature in 
the shift-register elements of the selected input-mode BSCs on each rising edge of TCK. At the same time, an 
1 8-bit binary count-up pattern is generated in the shift-register elements of the selected output-mode BSCs on 
each rising edge of TCK, updated in the shadow latches, and applied to the associated device I/O pins on each 
falling edge of TCK. Figures 12 and 13 illustrate the 18-bit linear-feedback shift-register algorithms through 
which the signature is generated. An initial seed value should be scanned into the BSR before performing this 
operation. 
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KB = _}) 1B9-I/0 1B8-I/0 1B7-I/0 1B6-I/0 1B5-I/0 1B4-I/0 1B3-I/0 1B2-I/0 1B1-I/0 

Figure 12. 18-Bit PSA/COUNT Configuration (10EA = 20EA = 0, 10EB = 20EB = 1) 
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simultaneous PSA and binary count up (PSA/COUNT) (continued) 
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(£) = JJ J ~ 1A9-I/0 1A8-I/0 1A7-I/0 1A6-I/0 1A5-I/0 1A4-I/0 1A3-I/0 1A2-I/0 1A1-I/0 

Figure 13. 18-Bit PSA/COUNT Configuration (10EA = 20EA = 1, 10EB = 20EB = 0) 
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timing description 

All test operations of the 'ABTH18646A and 'ABTH182646A are synchronous to TCK. Data on the TDI, TMS, 
and normal-function inputs is captured on the rising edge of TCK. Data appears on the TDO and normal-function 
output pins on the falling edge of TCK. The TAP controller is advanced through its states (as shown in Figure 2) 
by changing the value of TMS on the falling edge of TCK and then applying a rising edge to TCK. 

A simple timing example is shown in Figure 14. In this example, the TAP controller begins in the 
Test-Logic-Reset state and is advanced through its states, as necessary, to perform one instruction-register 
scan and one data-register scan. While in the Shift-IR and Shift-DR states, TDI is used to input serial data, and 
TDO is used to output serial data. The TAP controller is then returned to the Test-Logic-Reset state. Table 5 
details the operation of the test circuitry during each TCK cycle. 



Table 5. Explanation of Timing Example 



TCK 
CYCLE(S) 


TAP STATE 
AFTER TCK 


DESCRIPTION 


1 


Test-Logic-Reset 


TMS is changed to a logic 0 value on the falling edge of TCK to begin advancing the TAP controller toward 
the desired state. 


2 


Run-Test/Idle 




3 


Select-DR-Scan 




4 


Select-IR-Scan 




5 


Capture-IR 


The IR captures the 8-bit binary value 10000001 on the rising edge of TCK as the TAP controller exits the 
Capture-IR state. 


6 


Shift-IR 


TDO becomes active and TDI is made valid on the falling edge of TCK. The first bit is shifted into the TAP 
on the rising edge of TCK as the TAP controller advances to the next state. 


7-13 


Shift-IR 


One bit is shifted into the IR on each TCK rising edge. With TDI held at a logic 1 value, the 8-bit binary value 
1 1 1 1 1 1 1 1 is serially scanned into the I R. At the same time, the 8-bit binary value 1 0000001 is serially scanned 
out of the IR via TDO. In TCK cycle 13, TMS is changed to a logic 1 value to end the IR scan on the next 
TCK cycle. The last bit of the instruction is shifted as the TAP controller advances from Shift-IR to Exit1-IR. 


14 


ExitMR 


TDO becomes inactive (goes to the high-impedance state) on the falling edge of TCK. 


15 


Update-IR 


The IR is updated with the new instruction (BYPASS) on the falling edge of TCK. 


16 


Select-DR-Scan 




17 


Capture-DR 


The bypass register captures a logic 0 value on the rising edge of TCK as the TAP controller exits the 
Capture-DR state. 


18 


Shift-DR 


TDO becomes active and TDI is made valid on the falling edge of TCK. The first bit is shifted into the TAP 
on the rising edge of TCK as the TAP controller advances to the next state. 


19-20 


Shift-DR 


The binary value 101 is shifted in via TDI, while the binary value 010 is shifted out via TDO. 


21 


Exit1-DR 


TDO becomes inactive (goes to the high-impedance state) on the falling edge of TCK. 


22 


Update-DR 


In general, the selected data register is updated with the new data on the falling edge of TCK. 


23 


Select-DR-Scan 




24 


Select-IR-Scan 




25 


Test-Logic-Reset 


Test operation completed 
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timing description (continued) 



8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 



TCK 



TMS 



TDI 



TDO 



JlRTUUlJlJrLrLJTJim 



"Li 



TAP 
Controller 
State 



<5S 



3-State (TDO) or Don't Care (TDI) 
Figure 14. Timing Example 



U 
J~L 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, Vqc -0-5 V to 7 V 

Input voltage range, V|: except I/O ports (see Note 1) -0.5 V to 7 V 

I/O ports (see Note 1 ) -0.5 V to 5.5 V 

Voltage range applied to any output in the high state or power-off state, Vq -0.5 V to 5.5 V 

Current into any output in the low state, lo: SN54ABTH1 8646A 96 m A 

SN54ABTH182646A(AportorTDO) 96 mA 

SN54ABTH182646A(Bport) 30 mA 

SN74ABTH18646A 128mA 

SN74ABTH182646A(AportorTDO) 128mA 

SN74ABTH182646A(Bport) 30 mA 

Input clamp current, Iik ( v I < °) -1 8 mA 

Output clamp current, Iqk (Vo < 0) -50 mA 

Maximum package power dissipation at Ta = 55°C (in still air) (see Note 2): PM package 1 W 

Storage temperature range, T stg - 65°C to 1 50°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 
NOTES: 1 . The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 

2. The maximum package power dissipation is calculated using a junction temperature of 1 50°C and a board trace length of 75 mils. 
For more information, referto the Package Thermal Considerations application note in the ABJ Advanced BiCMOS Technology Data 
Book, literature number SCBD002. 
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recommended operating conditions 







SN54ABTH18646A 


SN74ABTH18646A 


UNIT 






MIN 


MAX 


MIN 


MAX 


vcc 


Supply voltage 


4.5 


5.5 


4.5 


5.5 


V 


V|H 


High-level input voltage 


2 


2 


V 


V|L 


Low-level input voltage 


0.8 


0.8 


V 


V| 


Input voltage 


0 


vcc 


0 


vcc 


V 


'OH 


High-level output current 


-24 


-32 


mA 


"OL 


Low-level output current 


48 


64 


mA 


At/Av 


Input transition rise or fall rate 


10 


10 


ns/V 


TA 


Operating free-air temperature 


-55 


125 


-40 


85 


°C 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


SN54ABTH18646A 


UNIT 


Ta - 25°C 


T A = -55°C to125°C 


MIN TYPt MAX 


MIN MAX 


V|K 


Vcc = 4.5 V, l|=-18mA 


-1 .2 


-1.2 


V 


VOH 


Vcc = 4.5 V, Iqh = -3 mA 


2.5 


2.5 


V 


Vcc = 5 V, lOH = "3 mA 


o 
0 


O 


Vcc = 4-5 V, Ioh = -24 mA 


o 


o 


vol 


Vcc = 4-5 V, Iql = 48 mA 


0.55 


0.55 


\j 


ll 


CLK, DIR, S, TCK 
Vcc = 0 10 5 - 5 v, 


Vcc = 0 to 5.5 V, V| = Vcc°rGND 


±1 


±1 


HA 


A or B ports 


Vcc = 5.5 V, V| = VccorGND 


±20 


±20 


llH 


OE, TDI.TMS 


Vcc = 5.5 V, V| = V C C 


10 


10 


\iA 


IlL 


OE, TDI.TMS 


Vcc = 5.5 V, V| = GND 


-40 -150 


-40 -150 


HA 


'((hold)* 


A or B ports 


V C C = 4.5 V 


V| = 0.8 V 


75 220 500 




jiA 


V| = 2V 


-75 -180 -500 




lOZH 


TDO 


Vcc = 5.5 V, Vo = 2.7 V, OE = 2 V 


10 


10 


HA 


>OZL 


TDO 


Vcc = 5.5 V, Vo = 0.5 V, OE = 2 V 


-10 


-10 


jiA 


lOZPU 


TDO 


Vcc = 0 to 2.1 V, 

Vo = 2.7 V or 0.5 V, OE = 0.8 V 


±50 




MA 


'OZPD 


TDO 


Vcc = 2.1 V to 0, 

V 0 = 2.7 V or 0.5 V, OE = 0.8 V 


±50 




HA 


'off 


Vcc = 0, V| or Vo < 4.5 V 


±100 




HA 


'CEX | Outputs high 


Vcc = 5.5 V, Vo = 5.5 V 


50 


50 


HA 


io§ 


Vcc = 5.5 V, Vq = 2.5 V 


-50 -110 -200 


-50 -200 


mA 


'cc 


Outputs high 


V C C = 5.5 V, 

io = o, 

V| = Vcc or GND 


A or B ports 


1.7 3.9 


3.9 


mA 


Outputs low 


20 24 


24 


Outputs disabled 


1 3 


3 


Alec 11 


Vcc = 5-5 V, One input at 3.4 V, 
Other inputs at Vcc or G ND 


1.5 


1.5 


mA 


Cj 


Control inputs 


V| = 2.5 V or 0.5 V 


5 




PF 


Cj 0 


A or B ports 


V 0 = 2.5 V or 0.5 V 


10 




PF 


C 0 


TDO 


Vq = 2.5 V or 0.5 V 


8 




PF 



t All typical values are at Vcc = 5 V. 

*The parameter I|(hold) includes the off-state output leakage current. 

§ Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 
1f This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


SN74ABTH18646A 


UNIT 


T/v = 25°C 


Ta = -40°C to 85°C 


MIN TYPt MAX 


MIN MAX 


V|K 


Vcc = 4.5 V, l|=-18mA 


— 1 .2 


—1.2 


v 


VOH 


Vcc = 4.5 v > 'OH = -3 mA 


2.5 


2.5 


V 


Vcc = 5 V, Iqh = -3 mA 


3 


3 


V C C = 4.5 V 


Iqh = -24 mA 


2 




Iqh = -32 mA 


2 


2 


vol 


V C C - 4.5 V 


Iql = 48 mA 


0.55 


0.55 


V 


Iql = 64 mA 


0.55 


0.55 


ii 


CLK, DIR, S, TCK 
Vcc - 0 to 5.5 V, 


Vcc = 0 to 5.5 V, V| = Vcc °r GND 


±1 


±1 


liA 


A or B ports 


Vcc = 5.5 V, V| - Vcc or GND 


±20 


±20 


l|H 


OE, TDI, TMS 


Vcc - 5.5 V, V| = V C C 


10 


10 


^A 


IlL 


OE, TDI, TMS 


Vcc = 5.5 V, V| = GND 


-40 -150 


-40 -150 


HA 


l|(hold)* 


A or B ports 


Vcc - 4.5 V 


V| = 0.8 V 


75 220 500 


75 500 


ii A 


V| = 2 V 


-75 -180 -500 


-75 -500 


'OZH 


TDO 


Vcc = 2.1 Vto 5.5 V, 
V 0 = 2.7 V, OE - 2 V 


10 


. 10 


\iA 


'OZL 


TDO 


Vcc = 2.1 Vto 5.5 V, 
Vo = 0.5 V, OE = 2 V 


-10 


-10 


\iA 


'OZPU 


TDO 


Vcc = 0 to 2.1 V, 

Vo = 2.7 V or 0.5 V, OE = 0.8V 


+50 


±50 


HA 


'OZPD 


TDO 


Vcc = 2.1 V to 0, 

Vo = 2.7 V or 0.5 V, OE - 0.8 V 


±50 


±50 


\iA 


'off 


Vcc = 0. V| or Vo < 4.5 V 


±100 


±100 


HA 


'CEX 


Outputs high 


Vcc = 5.5 V, Vo = 5.5 V 


50 


50 


HA 


io§ 


Vcc = 5.5 V, Vq = 2.5 V 


-50 -110 -200 


-50 -200 


mA 


'cc 


Outputs high 


V C C = 5.5 V, 

io = o, 

V| = Vcc °r GND 


A or B ports 


1.7 2.2 


2.2 


mA 


Outputs low 


20 24 


24 


Outputs disabled 


1 2 


2 


Alec 11 


Vcc = 5-5 V, One input at 3.4 V, 
Other inputs at Vcc ° r GND 


1.5 


1.5 


mA 


Ci 


Control inputs 


V| - 2.5 V or 0.5 V 


5 




PF 


Qo 


A or B ports 


Vo = 2.5 V or 0.5 V 


10 




PF 


Co 


TDO 


Vq = 2.5 V or 0.5 V 


8 




PF 



t All typical values are at Vcc = 5 V. 

$ The parameter l|(ho!d) includes the off-state output leakage current. 

§ Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 
H This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (normal mode) (see Figure 15) 









SN54ABTH18646A 


SN74ABTH18646A 


UNIT 








MIN 


MAX 


MIN 


MAX 


'clock 


Clock frequency 


CLKAB or CLKBA 


0 


100 


0 


100 


MHz 


tw 


Pulse duration 


CLKAB or CLKBA high or low 


3 


3 


ns 


tsu 


Setup time 


A before CLKAB? or B before CLKBA? 


3 


3 


ns 


th 


Hold time 


A after CLKAB? or B after CLKBA? 


0.9 


0.5 


ns 


timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (test mode) (see Figure 15) 








SN54ABTH18646A 


SN74ABTH18646A 


UNIT 








MIN 


MAX 


MIN 


MAX 


'clock 


Clock frequency 


TCK 


0 


50 


0 


50 


MHz 


tw 


Pulse duration 


TCK high or low 


8 


8 


ns 






A, B, CLK, DIR. OE, or S before TCK? 


6 


6 




tsu 


Setup time 


TDI before TCK? 


4.5 


4.5 


ns 






TMS before TCK? 


3 


3 








A, B, CLK, DIR. OE, or S after TCK? 


1.5 


1.5 




th 


Hold time 


TDI after TCK? 


1 


1 


ns 






TMS after TCK? 


1.5 


1.5 




td 


Delay time 


Power up to TCK? 


50* 


50 


ns 


tr 


Rise time 


V"cc power up 


1* 


1 


JiS 



*On products compliant, to MIL-PRF-38535, this parameter is not production tested. 



Texas 
Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 5-101 



SN54ABTH18646A, SN54ABTH182646A, SN74ABTH18646A, SN74ABTH182646A 

SCAN TEST DEVICES WITH 

18-BIT TRANSCEIVERS AND REGISTERS 

SCBS166D - AUGUST 1993 - REVISED JULY 1 996 



switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (normal mode) (see Figure 15) 









SN54ABTH18646A 




PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V C C = 5V, 
T A = 25°C 


Vcc = 4.5 V to 5.5 V, 
T A = -55°C to125°C 


UNIT 








MIN 


TYP 


MAX 


MIN 


MAX 




fpnax 


CLKAB or CLKBA 




100 


150 




100 


MHz 


tPLH 


AorB 


B or A 


1.5 


3.1 


4.7 


1.5 


5.2 


ns 


tPHL 


1.5 


3.3 


5.0 


1.5 6 


'PLH 


CLKAB or CLKBA 


BorA 


1.5 


3.6 


5.6 


1.5 


6.8 


ns 


tPHL 


1.5 


3.8 


5.8 


1.5 


7 


tPLH 


SAB or SBA 


BorA 


1.5 


3.8 


6.0 


1.5 


7.8 


ns 


tPHL 


1.5 


3.9 


6.5 


1.5 


8.2 


IPZH 


DIR 


BorA 


1.5 


3.9 


6.3 


1.5 


7.5 


ns 


tpZL 


1.5 


4 


6.5 


1.5 


7.8 


tpZH 


OE 


BorA 


1.5 


4.2 


6.7 


1.5 


7.6 


ns 


tPZL 


1.5 


4.3 


6.9 


1.5 


7.7 


tPHZ 


DIR 


BorA 


2 


5.9 


8.8 


2 


10.3 


ns 


tPLZ 


2 


4.7 


6.9 


2 


9.1 


'PHZ 


OE 


BorA 


2 


6 


9 


2 


10.2 


ns 


*PLZ 


2 


4.8 


7.1 


2 


9.4 



switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (normal mode) (see Figure 15) 









SN74ABTH18646A 




PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


VCC = 5 V, 
Ta = 25°C 


Vcc = 4.5 V to 5.5 V, 
Ta = -40°C to 85°C 


UNIT 








MIN 


TYP 


MAX 


MIN 


MAX 




fmax 


CLKAB or CLKBA 




100 


150 




100 


MHz 


tPLH 


AorB 


BorA 


1.5 


3.1 


4.7 


1.5 


5 


ns 


tPHL 


1.5 


3.3 


5.0 


1.5 


5.4 


tPLH 


CLKAB or CLKBA 


BorA 


1.5 


3.6 


5.6 


1.5 


5.9 


ns 


tPHL 


1.5 


3.8 


5.8 


1.5 


6.1 


tPLH 


SAB or SBA 


BorA 


1.5 


3.8 


6.0 


1.5 


6.6 


ns 


tPHL 


1.5 


3.9 


6.5 


1.5 


6.8 


l PZH 


DIR 


BorA 


1.5 


3.9 


6.3 


1.5 


7 


ns 


IPZL 


1.5 


4 


6.5 


1.5 


7.2 


tPZH 


OE 


BorA 


1.5 


4.2 


6.7 


1.5 


7.4 


ns 


tpZL 


1.5 


4.3 


6.9 


1.5 


7.6 


*PHZ 


DIR 


BorA 


2 


5.9 


8.8 


2 


10 


ns 


tPLZ 


2 


4.7 


6.9 


2 


8.1 


tPHZ 


OE 


BorA 


2 


6 


9 


2 


9.7 


ns 


tPLZ 


2 


4.8 


7.1 


2 


7.6 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (test mode) (see Figure 15) 









SN54ABTH18646A 




PARAMETER 


conM 
rn\jm 

(INPUT) 


1 \J 

(OUTPUT) 


V C C = 5V, 
Ta = 25°C 


Vcc = 4.5 V to 5.5 V, 
Ta = -40°C to 85°C 


UNIT 








MIN 


TYP 


MAX 


MIN 


MAX 




<max 


TCK 




50 


90 




50 


MHz 


tp|_|-| 


TCKl 


A or B 


2.5 


6.1 


11 


2.5 


13.1 


ns 


tpj-iL 


2.5 


6.5 


10.8 


2.5 


12.6 


tPLH 


TCKl 


TDO 


2 


3.6 


5.1 


2 


5.8 


ns 


tPHL 


2 


3.7 


5.1 


2 


7 


tpZH 


TCKl 


A or B 


4 


7.1 


11.5 


4 


13.9 


ns 


IPZL 


4 


7.2 


11.8 


4 


14.2 


tPZH 


TCKl 


TDO 


2 


3.7 


5.7 


2 


6.6 


ns 


tpZL 


2 


3.9 


6.2 


2 


6.9 


tpHZ 


TCKl 


A or B 


4 


8.5 


14.2 


4 


18 


ns 


tPLZ 


3 


7.2 


13.3 


3 


17.5 


tpHZ 


TCKl 


TDO 


3 


5.1 


6.8 


3 


7.4 


ns 


l PLZ 


2.5 


4 


5.5 


2.5 


6.4 



switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (test mode) (see Figure 15) 









SN74ABTH18646A 




PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V C C = 5V, 
T A = 25°C 


Vcc = 4.5 V to 5.5 V, 
Ta = ^»0°C to 85°C 


UNIT 








MIN 


TYP 


MAX 


MIN 


MAX 




'max 


TCK 




50 


90 




50 


MHz 


tPLH 


TCKl 


AorB 


2.5 


6.1 


11 


2.5 


13.1 


ns 


tPHL 


2.5 


6.5 


10.8 


2.5 


12.4 


tPLH 


TCK4. 


TDO 


2 


3.6 


5.1 


2 


5.6 


ns 


l PHL 


2 


3.7 


5.1 


2 


5.6 


tPZH 


TCK4. 


AorB 


4 


7.1 


11.5 


4 


13.4 


ns 


tpZL 


4 


7.2 


11.8 


4 


13.6 


tPZH 


TCKl 


TDO 


2 


3.7 


5.7 


2 


6.6 


ns 


tpZL 


2 


3.9 


6.2 


2 


6.9 


tpHZ 


TCKl 


AorB 


4 


8.5 


13 


4 


15 


ns 


l PLZ 


3 


7.2 


13.3 


3 


15 


tPHZ 


TCKl 


TDO 


3 


5.1 


6.8 


3 


7.2 


ns 


lPLZ 


2.5 


4 


5.5 


2.5 


6.3 
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recommended operating conditions 









SN54ABTH182646A 


SN74ABTH182646A 


UNIT 








MIN 


MAX 


MIN 


MAX 


Vcc 


Supply voltage 




4.5 


5.5 


4.5 


5.5 


V 


V|H 


High-level input voltage 




2 ^ 


2 


V 


V|L 


Low-level input voltage 




.^0.8 


0.8 


V 


V| 


Input voltage 




0 


i^Vcc 


0 


vcc 


V 


'OH 


High-level output current 


A port, TDO 


A* -24 


-32 


mA 


Bport 


4— 


-12 


-12 


lOL 


Low-level output current 


A port, TDO 




48 


64 


mA 


Bport 


12 


12 


At/Av 


Input transition rise or fall rate 




10 


10 


ns/V 


T A 


Operating free-air temperature 




-55 


125 


-40 


85 


!C 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


Ta = 25°C 


SN54ABTH182646A 


SN74ABTH182646A 


UNIT 


MIN TYPt MAX 


MIN MAX 


MIN MAX 


V|K 


Vcc = 4.5 V, l|=-18mA 


-1.2 


-1.2 


-1.2 


V 


VOH 


A port, TDO 


Vcc = 4.5 V, Ioh = -3 rnA 


2.5 


2.5 


2.5 


V 


Vcc = 5 V, Iqh = -3 mA 


3 


3 


3 


V CC = 4-5 V 


Iqh = -24 mA 


2 


2 




Iqh = -32 mA 


2* 




2 


Bport 


Vcc = 4.5 V, Ioh = ~ 1 mA 


3.35 


3.3 


3.35 


vcc = 5 v. Iqh = ~ 1 mA 


3.85 


3.8 


3.85 


V C C = 4.5 V 


lOH = -3 mA 


3.1 


3 


3.1 


l 0 H = -12mA 


2.6* 




2.6 


vol 


A port, TDO 


V C C = 4.5 V 


lOL = 48 mA 


0.55 


0.55 




V 


Iql = 64 mA 


0.55* 




0.55 


Bport 


VCC = 4.5 V 


lOL = 8 mA 


0.8 


0.8 


0.65 


Iql= 12 mA 


0.8* 




0.8 


h 


CLK, DIR, S, 
TCK 


Vcc = 0 to 5.5 V, 
V| = Vcc or GND 


±1 




±1 


\iA 


A or B ports 


V C C - 5-5 V, 

V| = Vcc or GND 


±20 




±20 


l|H 


OE, TDI, 
TMS 


V C C = 5.5 V, V|=V C C 


10 


£ 10 


10 


\iA 


hL 


OE, TDI, 
TMS 


Vcc - 5-5V, V| = GND 


-40 -150 


2^ 

Mo -150 


-40 -150 


HA 


'l(hold)* 


A or B ports 


V C C = 4.5 V 


V| = 0.8 V 


75 220 500 


*< 


75 500 


HA 


V| = 2V 


-75 -180 -500 




-75 -500 


lOZH 


TDO 


V C C - 5.5 V, 

Vq = 2.7 V, OE = 2 V 


10 


10 


10 


HA 


lOZL 


TDO 


V C C = 5.5 V, 

Vo = 0.5 V, OE - 2 V 


-10 


-10 


-10 


|iA 


bzpu 


TDO 


Vcc = 0 10 2 -1 V, 

Vo = 2.7 V or 0.5 V, OE = 0.8V 


±50 




±50 


HA 


'OZPD 


TDO 


Vcc = 2.1 V to 0, 

Vo = 2.7 V or 0.5 V, OE = 0.8 V 


±50 




±50 


i^A 


'off 


Vcc = 0, V| or Vq S 4.5 V 


±100 




±100 


fiA 


'CEX 


Outputs high 


V C C = 5.5 V, Vo = 5.5V 


50 


50 


50 


HA 


io§ 


A port, TDO 


V C C = 5.5 V, V 0 = 2.5V 


-50 -110 -200 


-50 -200 


-50 -200 


mA 


Bport 


Vcc = 5.5 V, Vq = 2.5V 


-25 -55 -100 


-25 -100 


-25 -100 


'cc 


Outputs high 


V C C = 5-5 V, 

io = o. 

V| = Vcc or 
GND 


A or B ports 


1.7 2.2 


2.2 


2.2 


mA 


Outputs low 


23 27 


27 


27 


Outputs 
disabled 


1 2 


2 


2 


Alec 11 


Vcc = 5.5 V, One input at 3.4 V, 
Other inputs at Vcc or GND 


1.5 


1.5 


1.5 


mA 



* On products compliant to MIL-PRF-38535, this parameter does not apply, 
t All typical values are at Vcc = 5 V. 

$ The parameter l|(hold) includes the off-state output leakage current. 

§ Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 
H This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 
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design phase of development Characteristic data and other 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (continued) 



PARAMETER 


TEST CONDITIONS 


Ta = 25°C 


SN54ABTH182646A 


SN74ABTH182646A 


UNIT 


MIN TYPt MAX 


MIN ^ MAX 


MIN MAX 


Ci 


Control inputs 


V| = 2.5 V or 0.5 V 


5 






PF 


Cj 0 


A or B ports 


Vo = 2.5 V or 0.5 V 


10 






PF 


C 0 


TDO 


Vq = 2.5 V or 0.5 V 


8 






PF 



t All typical values are at Vrjc - 5 V. 



timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (normal mode) (see Figure 15) 









SN54ABTH182646A 


SN74ABTH182646A 


UNIT 








MIN 


MAX 


MIN MAX 


'clock 


Clock frequency 


CLKAB or CLKBA 


0 


rS 100 

A'sC 


0 100 


MHz 


tw 


Pulse duration 


CLKAB or CLKBA high or low 


3 , 




3 


ns 


tsu 


Setup time 


A before CLKABt or B before CLKBA? 




3 


ns 


th 


Hold time 


A after CLKABt or B after CLKBA? 


0.5^' 


0.5 


ns 



timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (test mode) (see Figure 15) 









SN54ABTH182646A 


SN74ABTH182646A 


UNIT 








MIN 


MAX 


MIN 


MAX 


'clock 


Clock frequency 


TCK 


0 


50 


0 


50 


MHz 


tw 


Pulse duration 


TCK high or low 


8 A 


8 


ns 






A, B, CLK, DIR. OE, or S before TCKt 


6 


# 


6 




tsu 


Setup time 


TDI before TCKt 


4.5 




4.5 


ns 






TMS before TCKt 


3 


# — 


3 








A, B, CLK, DIR, OE, or S after TCKT 


1.5 P 


1.5 




th 


Hold time 


TDI after TCKt 


-i* 1 


1 


ns 






TMS after TCKT 




1.5 




td 


Delay time 


Power up to TCKT 


50 


50 


ns 


tr 


Rise time 


Vcc power up 


1 


1 


US 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (normal mode) (see Figure 15) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V C C = 5 V, 
T A = 25°C 


SN54ABTH182646A 


SN74ABTH182646A 


UNIT 




MIN 


TYP 


MAX 


MIN 


MAX 


MIN 


MAX 




'max 


CLKAB or 
CLKBA 




100 


150 




100 


100 


MHz 


tPLH 


A 


B 


1.5 


3.5 


5.1 


1.5 


5.8 


1.5 


5.3 


ns 


l PHL 


1.5 


4.1 


5.8 


1.5 


6.4 


1.5 


6.1 


tpLH 


B 


A 


1.5 


3.1 


4.7 


1.5 


5.2 


1.5 


5 


ns 


tPHL 


1.5 


3.3 


5 


1.5 


5.6 


1.5 


5.4 


tpLH 


CLKAB 


B 


1.5 


4.3 


6.2 


1.5 


7 


1.5 


6.5 


ns 


l PHL 


1.5 


4.9 


7 


1.5 ..8>1 


1.5 


7.4 


tPLH 


CLKBA 


A 


1.5 


3.6 


5.2 


1.5 


^•2 


1.5 


5.9 


ns 


tPHL 


1.5 


3.8 


5.5 


1.5 ji; 


^ 6.5 


1.5 


6.1 


tPLH 


SAB 


B 


1.5 


4.4 


6.9 


1.5 C 


7.6 


1.5 


7.2 


ns 


tPHL 


1.5 


4.8 


7.4 


1-5 iT 


8.3 


1.5 


7.8 


tpLH 


SBA 


A 


1.5 


3.8 


5.6 


1.£f 6.8 


1.5 


6.6 


ns 


*PHL 


1.5 


3.9 


6 


as 7.2 


1.5 


6.8 


{ PZH 


DIR 


Bor A 


1.5 


3.9 


6.3 


1.5 


7.5 


1.5 


7 


ns 


tpZL 


1.5 


4 


6.5 


1.5 


7.7 


1.5 


7.2 


tpZH 


OE 


Bor A 


1.5 


4.2 


6.7 


1.5 


8.1 


1.5 


7.4 


ns 


IPZL 


1.5 


4.3 


6.9 


1.5 


8.4 


1.5 


7.6 


tpHZ 


DIR 


Bor A 


2 


5.9 


8.8 


2 


10.3 


2 


10 


ns 


tPLZ 


2 


4.7 


6.9 


2 


8.7 


2 


8.1 


tPHZ 


OE 


Bor A 


2 


6 


9 


2 


10.5 


2 


9.7 


ns 


l PLZ 


2 


4.8 


7.1 


2 


8.7 


2 


7.6 


switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (test mode) (see Figure 15) 


PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V C C = 5 V, 
T A = 25°C 


SN54ABTH182646A 


SN74ABTH182646A 


UNIT 




MIN 


TYP 


MAX 


MIN 


MAX 


MIN 


MAX 




'max 


TCK 




50 


90 




50 


50 


MHz 


tpLH 


TCKl 


A or B 


2.5 


6.1 


11 


2.5 


14.5 


2.5 


13.1 


ns 


tPHL 


2.5 


6.5 


10.8 


2.5 


14 


2.5 


12.4 


tPLH 


TCKl 


TDO 


2 


3.6 


5.1 


2 


^7 


2 


5.6 


ns 


tpHL 


2 


3.7 


5.1 


2 


^7 


2 


5.6 


tpZH 


TCK-l 


AorB 


4 


7.1 


11.5 




^14.5 


4 


13.4 


ns 


l PZL 


4 


7.2 


11.8 


4 A, 


15 


4 


13.6 


l PZH 


TCKJ, 


TDO 


2 


3.7 


5.7 


o & 

2 

— -4— 


7.5 


2 


6.6 


ns 


tpZL 


2 


3.9 


6.2 


& 


8 


2 


6.9 


tPHZ 


TCK4- 


A or B 


4 


8.5 


13 


^4 18 


4 


15 


ns 


tPLZ 


3 


7.2 


13.3 


3 


17.5 


3 


15 


tPHZ 


TCK4- 


TDO 


3 


5.1 


6.8 


3 


8 


3 


7.2 


ns 


tPLZ 


2.5 


4 


5.5 


2.5 


8 


2.5 


6.3 
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PARAMETER MEASUREMENT INFORMATION 

_ 7 V 



From Output 

Under Test 

C L = 50 pF 
(see Note A) 



500 a 

-A/V\r- 



500 £1 



S1 



O Open 
9 GND 



TEST 


S1 


tPLH'tPHL 
tPLZ/tpZL 
tPHZ'tpZH 


Open 
7V 
Open 




Input 1.5 V 



LOAD CIRCUIT 



VOLTAGE WAVEFORMS 
PULSE DURATION 



3V 



0V 



Timing Input 



Data Input 



tsu 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



3V 
0V 



Input 



Output 



Output 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output 
Control 



Output 
Waveform 1 
S1 at 7 V 
(see Note B) 

Output 
Waveform 2 
S1 at Open 
(see Note B) 



tpZL -*| 



i ,pl2 1 t — 

j_j|£yoL_+o-3_y 



3V 
0V 

3.5 V 

vol 



tpZH~>| 



I tpHZ -H (4- 



VQH-0.3V V ° H 

— « ov 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. C|_ includes probe and jig capacitance. 

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

C. All input pulses are supplied by generators having the following characteristics: PRR < 10 MHz, Zq = 50 d t r < 2.5 ns, tf < 2.5 ns. 

D. The outputs are measured one at a time with one transition per measurement. 



Figure 15. Load Circuit and Voltage Waveforms 
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Members of the Texas Instruments 
SCOPE™ Family of Testability Products 
Members of the Texas Instruments 
Wldebus™ Family 

Compatible With the IEEE Standard 
1149.1-1990 (JTAG) Test Access Port and 
Boundary-Scan Architecture 

Include D-Type Fiip-Flops and Control 
Circuitry to Provide Multiplexed 
Transmission of Stored and Real-Time Data 

Bus Hold on Data Inputs Eliminates the 
Need for External Pullup Resistors 

B-Port Outputs of 'ABTH 182652 A Devices 
Have Equivalent 25-Q Series Resistors, So 
No External Resistors Are Required 

State-of-the-Art EPIC-IIB™ BiCMOS Design 



One Boundary-Scan Cell Per I/O 
Architecture Improves Scan Efficiency 

SCOPE™ Instruction Set 

- IEEE Standard 1149.1-1990 Required 
Instructions and Optional CLAMP and 
HIGHZ 

- Parallel-Signature Analysis at Inputs 

- Pseudo-Random Pattern Generation 
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- Binary Count From Outputs 
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- Even-Parity Opcodes 
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(PM) Packages Using 0.5-mm 
Center-to-Center Spacings and 68-Pin 
Ceramic Quad Flat (HV) Packages Using 
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description 



The 'ABTH18652A and 'ABTH182652A scan test devices with 18-bit bus transceivers and registers are 
members of the Texas Instruments SCOPE™ testability integrated-circuit family. This family of devices supports 
IEEE Standard 1149.1-1990 boundary scan to facilitate testing of complex circuit-board assemblies. Scan 
access to the test circuitry is accomplished via the 4-wire test access port (TAP) interface. 

In the normal mode, these devices are 18-bit bus transceivers and registers that allow for multiplexed 
transmission of data directly from the input bus or from the internal registers. They can be used either as two 
9-bit transceivers or one 1 8-bit transceiver. The test circuitry can be activated by the TAP to take snapshot 
samples of the data appearing at the device pins or to perform a self test on the boundary-test cells. Activating 
the TAP in the normal mode does not affect the functional operation of the SCOPE™ bus transceivers and 
registers. 

Data flow in each direct ion is controlled by clock (CLKAB and CLKBA), select (SAB and SBA), and 
output-enable (OEAB and OEBA) inputs. For A-to-B data flow, data on the A bus is clocked into the associated 
registers on the low-to-high transition of CLKAB. When SAB is low, real-time A data is selected for presentation 
to the B bus (transparent mode). When SAB is high, stored A data is selected for presentation to the B bus 
(registered mode). When OEAB is high, the B outputs are active. When OEAB is low, the B outputs are in the 
high -imped ance state. Contr ol for B -to-A data flow is similar to that for A-to-B data flow , but us es CLKBA, SBA, 
and OEBA inputs. Since the OE BA inpu t is active-low, the A outputs are active when OEBA is low and are in 
the high-impedance state when OEBA is high. Figure 1 illustrates the four fundamental bus-management 
functions that are performed with the 'ABTH18652A and 'ABTH182652A. 
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description (continued) 

In the test mode, the normal operation of the SCOPE™ bus transceivers and registers is inhibited, and the test 
circuitry is enabled to observe and control the I/O boundary of the device. When enabled, the test circuitry 
performs boundary-scan test operations according to the protocol described in IEEE Standard 1149.1-1990. 

Four dedicated test pins observe and control the operation of the test circuitry: test data input (TDI), test data 
output (TDO), test mode select (TMS), and test clock (TCK). Additionally, the test circuitry performs other testing 
functions such as parallel-signature analysis (PSA) on data inputs and pseudo-random pattern generation 
(PRPG) from data outputs. All testing and scan operations are synchronized to the TAP interface. 

Improved scan efficiency is accomplished through the adoption of a one boundary-scan cell (BSC) per I/O pin 
architecture. This architecture is implemented in such a way as to capture the most pertinent test data. A 
PSA/COUNT instruction is also included to ease the testing of memories and other circuits where a binary count 
addressing scheme is useful. 

Active bus-hold circuitry holds unused or floating data inputs at a valid logic level. 

The B-port outputs of 'ABTH1 82652A, which are designed to source or sink up to 1 2 mA, include 25-Cl series 
resistors to reduce overshoot and undershoot. 

The SN54ABTH18652A and SN54ABTH182652A are characterized for operation over the full military ✓ 
temperature range of-55°C to 125°C. The SN74ABTH1 8652A and SN74ABTH1 82652A are characterized for 
operation from -40°C to 85°C. 



FUNCTION TABLE 
(normal mode, each 9-blt section) 



INPUTS 


DATA I/O 


OPERATION OR FUNCTION 


OEAB 


OEBA 


CLKAB 


CLKBA 


SAB 


SBA 


A1 -A9 


B1 -B9 


L 


H 


L 


L 


X 


X 


Input disabled 


Input disabled 


Isolation 


L 


H 


T 


T 


X 


X 


Input 


Input 


Store A and B data 


X 


H 


T 


L 


X 


X 


Input 


Unspecifiedt 


Store A, hold B 


H 


H 


T 


T 


X* 


X 


Input 


Output 


Store A in both registers 


L 


X 


L 


T 


X 


X 


Unspecifiedt 


Input 


Hold A, store B 


L 


L 


T 


T 


X 


xt 


Output 


Input 


Store B in both registers 


L 


L 


X 


X 


X 


L 


Output 


Input 


Real-time B data to A bus 


L 


L 


X 


X 


X 


H 


Output 


Input 


Stored B data to A bus 


H 


H 


X 


X 


L, 


X 


Input 


Output 


Real-time A data to B bus 


H 


H 


X 


X 


H 


X 


Input 


Output 


Stored A data to B bus 


H 


L 


X 


X 


H 


H 


Output 


Output 


Stored A data to B bus and 
stored B data to A bus 



t The data-output functions can be enabled or disabled by a variety of level combinations at OEAB or OEBA. Data-input functions are always 

enabled; i.e., data at the bus pins is stored on every .low-to-high transition on the clock inputs. 
£ Select control = L: clocks can occur simultaneously. 

Select control = H: clocks must be staggered to load both registers. 
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Figure 1. Bus-Management Functions 
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functional block diagram 
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Pin numbers shown are for the PM package. 
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Terminal Functions 


TERMINAL NAME 


DESCRIPTION 


1A1-1A9, 
2A1-2A9 


Normal-function A-bus I/O ports. See function table for normal-mode logic. 


1B1-1B9, 
2B1-2B9 


Normal-function B-bus I/O ports. See function table for normal-mode logic. 


1CLKAB, 1CLKBA, 
2CLKAB, 2CLKBA 


Normal-function clock inputs. See function table for normal-mode logic. 


GND 


Ground 


10EAB, 20EAB 


Normal-function active-high output enables. See function table for normal-mode logic. An internal pulldown at each 
terminal forces the terminal to a high level if left unconnected. 


10EBA, 20EBA 


Normal-function active-low output enables. See function table for normal-mode logic. An internal pullup at each terminal 
forces the terminal to a high level if left unconnected. 


1SAB, 1SBA, 
2SAB, 2SBA 


Normal-function select controls. See function table for normal-mode logic. 


TCK 


Test clock. One of four terminals required by I EEE Standard 1 1 49.1 -1 990. Test operations of the device are synchronous 
to TCK. Data is captured on the rising edge of TCK and outputs change on the falling edge of TCK. 


TDI 


Test data input. One of four terminals required by IEEE Standard 1149.1-1990. TDI is the serial input for shifting data 
through the instruction register or selected data register. An internal pullup forces TDI to a high level if left unconnected. 


TDO 


Test data output. One of four terminals required by IEEE Standard 1149.1-1990. TDO is the serial output for shifting data 
through the instruction register or selected data register. 


TMS 


Test mode select. One of fourterminals required by IEEE Standard 1149.1-1990. TMS directs the device through its TAP 
controller states. An internal pullup forces TMS to a high level if left unconnected. 


vcc 


Supply voltage 
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test architecture 

Serial-test information is conveyed by means of a 4-wire test bus or TAP that conforms to IEEE Standard 
1 149.1-1 990. Test instructions, test data, and test control signals are all passed along this serial-test bus. The 
TAP controller monitors two signals from the test bus, TCK and TMS. The TAP controller extracts the 
synchronization (TCK) and state control (TMS) signals from the test bus and generates the appropriate on-chip 
control signals for the test structures in the device. Figure 2 shows the TAP-controller state diagram. 

The TAP controller is fully synchronous to the TCK signal. Input data is captured on the rising edge of TCK and 
output data changes on the falling edge of TCK. This scheme ensures data to be captured is valid for fully 
one-half of the TCK cycle. 

The functional block diagram shows the IEEE Standard 1149.1-1990 4-wire test bus and boundary-scan 
architecture and the relationship among the test bus, the TAP controller, and the test registers. As shown, the 
device contains an 8-bit instruction register and four test-data registers: a 48-bit boundary-scan register, a 3-bit 
boundary-control register, a 1 -bit bypass register, and a 32-bit device-identification register. 
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Figure 2. TAP-Controller State Diagram 



Texas 
Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 5-1 1 5 



SN54ABTH18652A, SN54ABTH182652A, SN74ABTH18652A, SN74ABTH182652A 

SCAN TEST DEVICES WITH 

18-BIT BUS TRANSCEIVERS AND REGISTERS 

SCBS1 67D - AUGUST 1993 - REVISED JULY 1 996 



state diagram description 

The TAP controller is a synchronous finite state machine that provides test control signals throughout the device. 
The state diagram shown in Figure 2 is in accordance with IEEE Standard 1149.1-1990. The TAP controller 
proceeds through its states based on the level of TMS at the rising edge of TCK. 

As shown, the TAP controller consists of 1 6 states. There are six stable states (indicated by a looping arrow in 
the state diagram) and ten unstable states. A stable state is a state the TAP controller can retain for consecutive 
TCK cycles. Any state that does not meet this criterion is an unstable state. 

There are two main paths through the state diagram: one to access and control the selected data register and 
one to access and control the instruction register. Only one register can be accessed at a time. 

Test-Logic-Reset 

The device powers up in the Test-Logic-Reset state. In the stable Test-Logic-Reset state, the test logic is reset 
and is disabled so that the normal logic function of the device is performed. The instruction register is reset to 
an opcode that selects the optional IDCODE instruction, if supported, or the BYPASS instruction. Certain data 
registers also can be reset to their power-up values. 

The state machine is constructed such that the TAP controller returns to the Test-Logic-Reset state in no more 
than five TCK cycles if TMS is left high. The TMS pin has an internal pullup resistor that forces it high if left 
unconnected or if a board defect causes it to be open circuited. 

For the 'ABTH1 8652A and 'ABTH 182652 A, the instruction register is reset to the binary value 1 0000001 , which 
selects the IDCODE instruction. Bits 47-46 in the boundary-scan register are reset to logic 0 while bits 45-44 
are reset to logic 1 , ensuring that these cells, which control A-port and B-port outputs, are set to benign 
values (i.e., if test mode were invoked, the outputs would be at high-impedance state). Reset values of other 
bits in the boundary-scan register should be considered indeterminate. The boundary-control register is reset 
to the binary value 010, which selects the PSA test operation. 

Run-Test/ldle 

The TAP controller must pass through the Run-Test/ldle state (from Test-Logic-Reset) before executing any test 
operations. The Run-Test/ldle state also can be entered following data-register or instruction-register scans. 
Run-Test/ldle is a stable state in which the test logic can be actively running a test or can be idle. The test 
operations selected by the boundary-control register are performed while the TAP controller is in the 
Run-Test/ldle state. 

Select-DR-Scan, Select-IR-Scan 

No specific function is performed in the Select-DR-Scan and Select-IR-Scan states, and the TAP controller exits 
either of these states on the next TCK cycle. These states allow the selection of either data-register scan or 
instruction-register scan. 

Capture-DR 

When a data-register scan is selected, the TAP controller must pass through the Capture-DR state. In the 
Capture-DR state, the selected data register can capture a data value as specified by the current instruction. 
Such capture operations occur on the rising edge of TCK, upon which the TAP controller exits the Capture-DR 
state. 

Shift-DR 

Upon entry to the Shift-DR state, the data register is placed in the scan path between TDI and TDO, and on the 
first falling edge of TCK, TDO goes from the high-impedance state to an active state. TDO enables to the logic 
level present in the least-significant bit of the selected data register. 
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Shlft-DR (continued) 

While in the stable Shift-DR state, data is serially shifted through the selected data register on each TCK cycle. 
The first shift occurs on the first rising edge of TCK after entry to the Shift-DR state (i.e., no shifting occurs during 
the TCK cycle in which the TAP controller changes from Capture-DR to Shift-DR or from Exit2-DR to Shift-DR). 
The last shift occurs on the rising edge of TCK, upon which the TAP controller exits the Shift-DR state. 

Exitl-DR, Exit2-DR 

The Exit1-DR and Exit2-DR states are temporary states that end a data-register scan. It is possible to return 
to the Shift-DR state from either Exit1-DR or Exit2-DR without recapturing the data register. On the first falling 
edge of TCK after entry to Exit1-DR, TDO goes from the active state to the high-impedance state. 

Pause-DR 

No specific function is performed in the stable Pause-DR state, in which the TAP controller can remain 
indefinitely. The Pause-DR state suspends and resumes data-register scan operations without loss of data. 

Update-DR 

If the current instruction calls for the selected data register to be updated with current data, such update occurs 
on the falling edge of TCK following entry to the Update-DR state. 

Capture-IR 

When an instruction-register scan is selected, the TAP controller must pass through the Capture-IR state. In 
the Capture-IR state, the instruction register captures its current status value. This capture operation occurs 
on the rising edge of TCK, upon which the TAP controller exits the Capture-IR state. For the 'ABTH 1 8652A and 
'ABTH182652A, the status value loaded in the Capture-IR state is the fixed binary value 1 0000001 . 

Shift-IR 

Upon entry to the Shift-IR state, the instruction register is placed in the scan path between TDI and TDO, and 
on the first falling edge of TCK, TDO goes from the high-impedance state to an active state. TDO enables to 
the logic level present in the least-significant bit of the instruction register. 

While in the stable Shift-IR state, instruction data is serially shifted through the instruction register on each TCK 
cycle. The first shift occurs on the first rising edge of TCK after entry to the Shift-IR state (i.e., no shifting occurs 
during the TCK cycle in which the TAP controller changes from Capture-IR to Shift-IR or from Exit2-IR to 
Shift-IR). The last shift occurs on the rising edge of TCK, upon which the TAP controller exits the Shift-IR state. 

Exitl-IR, Exit2-IR 

The Exit1-IR and Exit2-IR states are temporary states that end an instruction-register scan. It is possible to 
return to the Shift-IR state from either Exit1-IR or Exit2-IR without recapturing the instruction register. On the 
first falling edge of TCK after entry to Exit1-IR, TDO goes from the active state to the high-impedance state. 

Pause-IR 

No specific function is performed in the stable Pause-IR state, in which the TAP controller can remain 
indefinitely. The Pause-IR state suspends and resumes instruction-register scan operations without loss of 
data. 

Update-IR 

The current instruction is updated and takes effect on the falling edge of TCK, following entry to the Update-IR 
state. 
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register overview 

With the exception of the bypass and device-identification registers, any test register can be thought of as a 
serial-shift register with a shadow latch on each bit. The bypass and device-identification registers differ in that 
they contain only a shift register. During the appropriate capture state (Capture-IR for instruction register, 
Capture-DR for data registers), the shift register can be parallel loaded from a source specified by the current 
instruction. During the appropriate shift state (Shift-IR or Shift-DR), the contents of the shift register are shifted 
out from TDO while new contents are shifted in at TDI. During the appropriate update state (Update-IR or 
Update-DR), the shadow latches are updated from the shift register. 

instruction register description 

The instruction register (IR) is eight bits long and tells the device what instruction is to be executed. Information 
contained in the instruction includes the mode of operation (either normal mode, in which the device performs 
its normal logic function, or test mode, in which the normal logic function is inhibited or altered), the test operation 
to be performed, which of the four data registers is to be selected for inclusion in the scan path during 
data-register scans, and the source of data to be captured into the selected data register during Capture-DR. 

Table 3 lists the instructions supported by the 'ABTH18652A and 'ABTH182652A. The even-parity feature 
specified for SCOPE™ devices is supported in this device. Bit 7 of the instruction opcode is the parity bit. Any 
instructions that are defined for SCOPE™ devices but are not supported by this device default to BYPASS. 

During Capture-IR, the IR captures the binary value 1 0000001 . As an instruction is shifted in, this value is shifted 
out via TDO and can be inspected to verify that the IR is in the scan path. During Update-IR, the value that has 
been shifted into the IR is loaded into shadow latches. At this time, the current instruction is updated and any 
specified mode change takes effect. At power up or in the Test-Logic-Reset state, the IR is reset to the binary 
value 10000001 , which selects the IDCODE instruction. The IR order of scan is shown in Figure 3. 





Bit 7 






























TDI — ► 


Parity 
(MSB) 


— ► 


Bit 6 


— > 


Bit 5 


— ► 


Bit 4 


— ► 


Bit 3 


— > 


Bit 2 


— ► 


Bit 1 


— ► 


BitO 
(LSB) 



Figure 3. Instruction Register Order of Scan 
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data register description 
boundary-scan register 

The boundary-scan register (BSR) is 48 bits long, it contains one boundary-scan cell (BSC) for each 
normal-function input pin and one BSC for each normal-function I/O pin (one single cell for both input data and 
output data). The BSR is used 1) to store test data that is to be applied externally to the device output pins, 
and/or 2) to capture data that appears internally at the outputs of the normal on-chip logic and/or externally at 
the device input pins. 

The source of data to be captured into the BSR during Capture-DR is determined by the current instruction. The 
contents of the BSR can change during Run-Test/Idle as determined by the current instruction. At power up or 
in Test-Logic-Reset, BSCs 47-46 are reset to logic 0, while BSCs 45-44 are reset to logic 1 , ensuring that these 
cells, which control A-port and B-port outputs, are set to benign values (i.e., if test mode were invoked, the 
outputs would be at high-impedance state). Reset values of other BSCs should be considered indeterminate. 

The BSR order of scan is from TDI through bits 47-0 to TDO. Table 1 shows the BSR bits and their associated 
device pin signals. 



Table 1. Boundary-Scan Register Configuration 



BSR BIT 
NUMBER 


DEVICE 
SIGNAL 


BSR BIT 
NUMBER 


DEVICE 
SIGNAL 


BSR BIT 
NUMBER 


DEVICE 
SIGNAL 


47 


20EAB 


35 


2A9-I/0 


17 


2B9-I/0 


46 


10EAB 


34 


2A8-I/0 


16 


2B8-I/0 


45 


20EBA 


33 


2A7-I/0 


15 


2B7-I/0 


44 


10EBA 


32 


2A6-I/0 


14 


2B6-I/0 


43 


2CLKAB 


31 


2A5-I/0 


13 


2B5-I/0 


42 


1CLKAB 


30 


2A4-I/0 


12 


2B4-I/0 


41 


2CLKBA 


29 


2A3-I/0 


11 


2B3-I/0 


40 


1CLKBA 


28 


2A2-I/0 


10 


2B2-I/0 


39 


2SAB 


27 


2A1-I/0 


9 


2B1-I/0 


38 


1SAB 


26 


1A9-I/0 


8 


1B9-I/0 


37 


2SBA 


25 


1A8-I/0 


7 


1B8-I/0 


36 


1SBA 


24 


1A7-I/0 


6 


1B7-I/0 






23 


1A6-I/0 


5 


1B6-I/0 






22 


1A5-I/0 


4 


1B5-I/0 






21 


1A4-I/0 


3 


1B4-I/0 






20 


1A3-I/0 


2 


1B3-I/0 






19 


1A2-I/0 


1 


1B2-I/0 






18 


1A1-I/0 


0 


1B1-I/0 



Texas 
Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 5-1 1 9 



SN54ABTH18652A, SN54ABTH182652A, SN74ABTH18652A, SN74ABTH182652A 

SCAN TEST DEVICES WITH 

18-BIT BUS TRANSCEIVERS AND REGISTERS 

SCBS1 67D - AUGUST 1 993 - REVISED JULY 1 996 



boundary-control register 

The boundary-control register (BCR) is three bits long. The BCR is used in the context of the boundary-run test 
(RUNT) instruction to implement additional test operations not included in the basic SCOPE™ instruction set. 
Such operations include PRPG, PSA, and binary count up (COUNT). Table 4 shows the test operations that 
are decoded by the BCR. 

During Capture-DR, the contents of the BCR are not changed. At power up or in Test-Logic-Reset, the BCR is 
reset to the binary value 010, which selects the PSA test operation. The BCR order of scan is shown in 
Figure 4. 



TDI ► 



Bit 2 




Bit 1 




BItO 


(MSB) 


► 


» 


(LSB) 



Figure 4. Boundary-Control Register Order of Scan 

bypass register 

The bypass register is a 1-bit scan path that can be selected to shorten the length of the system scan path, 
reducing the number of bits per test pattern that must be applied to complete a test operation. During 
Capture-DR, the bypass register captures a logic 0. The bypass register order of scan is shown in 
Figure 5. 





BItO 




► 


► 



Figure 5. Bypass Register Order of Scan 
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device-identification register 

The device-identification register (IDR) is 32 bits long. It can be selected and read to identify the manufacturer, 
part number, and version of this device. 

For the 'ABTH18652A, the binary value 0000000000000010101 00000001 01111 (0002A02F, hex) is captured 
(during Capture-DR state) in the IDR to identify this device as Texas Instruments SN54/74ABTH18652A. 

For the 'ABTH1 82652A , the binary value 000000000000001 0111 00000001 01 1 1 1 (0002E02F, hex) is captured 
(during Capture-DR state) in the IDR to identify this device as Texas Instruments SN54/74ABTH182652A. 

The IDR order of scan is from TDI through bits 31 -0 to TDO. Table 2 shows the IDR bits and their significance. 



Table 2. Device-Identification Register Configuration 



IDR BIT 
NUMBER 


IDENTIFICATION 
SIGNIFICANCE 


IDR BIT 
NUMBER 


IDENTIFICATION 
SIGNIFICANCE 


IDR BIT 
NUMBER 


IDENTIFICATION 
SIGNIFICANCE 


31 


VERSION3 


27 


PARTNUMBER15 


11 


MANUFACTURER^ 


30 


VERSION2 


26 


PARTNUMBER14 


10 


MANUFACTURER09T 


29 


VERSION1 


25 


PARTNUMBER13 


9 


MANUFACTURER08T 


28 


VERSION0 


24 


PARTNUMBER12 


8 


MANUFACTURER07T 






23 


PARTNUMBER11 


7 


MANUFACTURER06T 






22 


PARTNUMBER10 


6 


MANUFACTURER05T 






21 


PARTNUMBER09 


5 


MANUFACTURER04T 






20 


PARTNUMBER08 


4 


MANUFACTURER03T 






19 


PARTNUMBER07 


3 


MANUFACTURER02T 






18 


PARTNUMBER06 


2 


MANUFACTURER01T 






17 


PARTNUMBER05 


1 


MANUFACTUREROOt 






16 


PARTNUMBER04 


0 


LOGIC1T 






15 


PARTNUMBER03 










14 


PARTNUMBER02 










13 


PARTNUMBER01 










12 


PARTNUMBER00 







t Note that for Tl products, bits 11-0 of the device-identification register always contain the binary value 000000101111 



(02F, hex). 
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instruction-register opcode description 

The instruction-register opcodes are shown in Table 3. The following descriptions detail the operation of each 
instruction. 



Table 3. Instruction-Register Opcodes 



BINARY CODET 
BIT 7 -> BIT 0 
MSB -> LSB 


SCOPE OPCODE 


DESCRIPTION 


ccri coTcn oat a 
REGISTER 


MODE 


00000000 


EXTEST 


Boundary scan 


Boundary scan 


Test 


10000001 


IDCODE 


Identification read 


Device identification 


Normal 


10000010 


SAMPLE/PRELOAD 


Sample boundary 


Boundary scan 


Normal 


00000011 


BYPASS* 


Bypass scan 


Bypass 


Normal 


1UUUU1UU 


DVDA CClt 

bYrAoo+ 


Bypass scan 


Bypass 


Normal 


00000101 


BYPASS* 


Bypass scan 


Bypass 


Normal 


00000110 


HIGHZ 


Control boundary to high impedance 


Bypass 


Modified test 


10000111 


CLAMP 


Control boundary to 1/0 


Bypass 


Test 


10001000 


BYPASS* 


Bypass scan 


Bypass 


Normal 


00001001 


RUNT 


Boundary-run test 


Bypass 


Test 


00001010 


READBN 


Boundary read 


Boundary scan 


Normal 


10001011 


READBT 


Boundary read 


Boundary scan 


Test 


00001100 


CELLTST 


Boundary self test 


Boundary scan 


Normal 


10001101 


TOPHIP 


Boundary toggle outputs 


Bypass 


Test 


10001110 


SCANCN 


Boundary-control register scan 


Boundary control 


Normal 


00001111 


SCANCT 


Boundary-control register scan 


Boundary control 


Test 


All others 


BYPASS 


Bypass scan 


Bypass 


Normal 



t Bit 7 is used to maintain even parity in the 8-bit instruction. 

*The BYPASS instruction is executed in lieu of a SCOPE™ instruction that is not supported in the 'ABTH18652A or 'ABTH182652A. 



boundary scan 

This instruction conforms to the IEEE Standard 1149.1-1990 EXTEST instruction. The BSR is selected in the 
scan path. Data appearing at the device input and I/O pins is captured in the associated BSCs. Data that has 
been scanned into the I/O BSCs for pins in the output mode is applied to the device I/O pins. Data present at 
the device pins, except for output enables, is passed through the BSCs to the normal on-chip logic. For I/O pins, 
the operation of a pin as input or output is determined by the conten ts of the output-enable BSCs (bits 47-44 
of the BSR). When a given output enable is active (logic 0 for OEBA, logic 1 for OEAB), the associated I/O pins 
operate in the output mode. Otherwise, the I/O pins operate in the input mode. The device operates in the test 
mode. 

Identification read 

This instruction conforms to the IEEE Standard 1149.1-1990 IDCODE instruction. The IDR is selected in the 
scan path. The device operates in the normal mode. 

sample boundary 

This instruction conforms to the IEEE Standard 1149.1-1990 SAMPLE/PRELOAD instruction. The BSR is 
selected in the scan path. Data appearing at the device input pins and I/O pins in the input mode is captured 
in the associated BSCs, while data appearing at the outputs of the normal on-chip logic is captured in the BSCs 
associated with I/O pins in the output mode. The device operates in the normal mode. 
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bypass scan 

This instruction conforms to the IEEE Standard 1149.1-1990 BYPASS instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. The device 
operates in the normal mode. 

control boundary to high impedance 

This instruction conforms to the IEEE Standard 11 49.1 a-1 993 HIGHZ instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. The device 
operates in a modified test mode in which all device I/O pins are placed in the high-impedance state, the device 
input pins remain operational, and the normal on-chip logic function is performed. 

control boundary to 1/0 

This instruction conforms to the IEEE Standard 11 49.1 a-1 993 CLAMP instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. Data in the I/O 
BSCs for pins in the output mode is applied to the device I/O pins. The device operates in the test mode. 

boundary-run test 

The bypass register is selected in the scan path. A logic 0 value is captured in the bypass register during 
Capture-DR. The device operates in the test mode. The test operation specified in the BCR is executed during 
Run-Test/ldle. The five test operations decoded by the BCR are: sample inputs/toggle outputs (TOPSIP), 
PRPG, PSA, simultaneous PSA and PRPG (PSA/PRPG), and simultaneous PSA and binary count up 
(PSA/COUNT). 

boundary read 

The BSR is selected in the scan path. The value in the BSR remains unchanged during Capture-DR. This 
instruction is useful for inspecting data after a PSA operation. 

boundary self test 

The BSR is selected in the scan path. All BSCs capture the inverse of their current values during Capture-DR. 
In this way, the contents of the shadow latches can be read out to verify the integrity of both shift-register and 
shadow-latch elements of the BSR. The device operates in the normal mode. 

boundary toggle outputs 

The bypass register is selected in the scan path. A logic 0 value is captured in the bypass register during 
Capture-DR. Data in the shift-register elements of the selected output-mode BSCs is toggled on each rising 
edge of TCK in Run-Test/ldle, updated in the shadow latches, and applied to the associated device I/O pins on 
each falling edge of TCK in Run-Test/ldle. Data in the input-mode BSCs remains constant. Data appearing at 
the device input or I/O pins is not captured in the input-mode BSCs. The device operates in the test mode. 

boundary-control-register scan 

The BCR is selected in the scan path. The value in the BCR remains unchanged during Capture-DR. This 
operation must be performed before a RUNT operation to specify which test operation is to be executed. 
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boundary-control register opcode description 

The BCR opcodes are decoded from BCR bits 2-0 as shown in Table 4. The selected test operation is 
performed while the RUNT instruction is executed in the Run-Test/Idle state. The following descriptions detail 
the operation of each BCR instruction and illustrate the associated PSA and PRPG algorithms. 



Table 4. Boundary-Control Register Opcodes 



BINARY CODE 
BIT 2 -4 BIT 0 
MSB -> LSB 


DESCRIPTION 


XOO 


Sample inputs/toggle outputs (TOPSIP) 


X01 


Pseudo-random pattern generation/36-bit mode (PRPG) 


X10 


Parallel-signature analysis/36-bit mode (PSA) 


011 


Simultaneous PSA and PRPG/1 8-bit mode (PSA/PRPG) 


111 


Simultaneous PSA and binary count up/18-bit mode (PSA/COUNT) 



While the control input BSCs (bits 47-36) are not included in the toggle, PSA, PRPG, or COUNT algorithms, 
the output-enable BSCs (bits 47-44 of the BSR) control the drive state (active or high impedance) of the 
selected device output pins. These BCR instru ctions a re valid only wh en both bytes of the device are operating 
in one direction of data flow (that is, 1 0EAB = 1 QEBA and 20EAB = 20EBA) and in the same direction of data 
flow (that is, 10EAB = 20EAB and 10EBA = 20EBA). Otherwise, the bypass instruction is operated. 

sample inputs/toggle outputs (TOPSIP) 

Data appearing at the selected device input-mode I/O pins is captured in the shift-register elements of the 
associated BSCs on each rising edge of TCK. Data in the shift-register elements of the selected output-mode 
BSCs is toggled on each rising edge of TCK, updated in the shadow latches, and applied to the associated 
device I/O pins on each falling edge of TCK. 
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pseudo-random pattern generation (PRPG) 

A pseudo-random pattern is generated in the shift-register elements of the selected BSCs on each rising edge 
of TCK, updated in the shadow latches, and applied to the associated device output-mode I/O pins on each 
falling edge of TCK. Figures 6 and 7 illustrate the 36-bit linear-feedback shift-register algorithms through which 
the patterns are generated. An initial seed value should be scanned into the BSR before performing this 
operation. A seed value of all zeroes does not produce additional patterns. 



2A9-I/0 2A8-I/0 2A7-I/0 2A6-I/0 2A5-I/0 2A4-I/0 2A3-I/0 2A2-I/0 2A 1-1/0 



1A9-I/0 1A8-I/0 1A7-I/0 1A6-I/0 1A5-I/0 1A4-I/0 1A3-I/0 1A2-I/0 1A1-I/0 



2B9-I/0 2B8-1/0 2B7-I/0 2B6-I/0 2B5-I/0 2B4-I/0 2B3-I/0 2B2-I/0 2B1-I/0 



t t 



t T T t 



1B9-I/0 1B8-I/0 1B7-I/0 1B6-1/0 1B5-I/0 1B4-I/0 1B3-I/0 1B2-I/0 1B1-I/0 



Figure 6. 36-Bit PRPG Configuration (10EAB = 20EAB = 1, 10EBA = 20EBA = 1) 
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2B9-I/0 2B8-I/0 2B7-I/0 2B6-I/0 2B5-I/0 2B4-I/0 2B3-I/0 2B2-I/0 2B1-I/0 



1B9-I/0 1B8-I/0 1B7-I/0 1B6-I/0 1B5-I/0 1B4-I/0 1B3-I/0 1B2-I/0 1B1-I/0 
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r i 



2A9-I/0 2A8-I/0 2A7-I/0 2A6-I/0 2A5-I/0 2A4-I/0 2A3-I/0 2A2-I/0 2A1-I/0 



©■!> 



1A9-I/0 1A8-I/0 1A7-I/0 1A6-I/0 1A5-I/0 1A4-I/0 1A3-I/0 1A2-I/0 1A1-I/0 



Figure 7. 36-Bit PRPG Configuration (10EAB = 20EAB = 0, 10EBA = 20EBA = 0) 



5-126 



Texas 
Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 



SN54ABTH18652A, SN54ABTH182652A, SN74ABTH18652A, SN74ABTH182652A 

SCAN TEST DEVICES WITH 
18-BIT BUS TRANSCEIVERS AND REGISTERS 



SCBS167D- AUGUST 1993 -REVISED JULY 1996 



parallel-signature analysis (PSA) 

Data appearing at the selected device input-mode I/O pins is compressed into a 36-bit parallel signature in the 
shift-register elements of the selected BSCs on each rising edge of TCK. Data in the shadow latches of the 
selected output-mode BSCs remains constant and is applied to the associated device I/O pins. Figures 8 and 9 
illustrate the 36-bit linear-feedback shift-register algorithms through which the signature is generated. An initial 
seed value should be scanned into the BSR before performing this operation. 
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2A9-1/0 2A8-I/0 2A7-I/0 2A6-I/0 2A5-I/0 2A4-I/0 2A3-I/0 2A2-I/0 2A1-I/0 
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1A9-I/0 1A8-I/0 1A7-I/0 1A6-I/0 1A5-I/0 1A4-I/0 1A3-I/0 1A2-I/0 1A1-I/0 
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2B9-I/0 2B8-I/0 2B7-I/0 2B6-I/0 2B5-I/0 2B4-I/0 2B3-I/0 2B2-I/0 2B1-I/0 



1B9-I/0 1B8-I/0 1B7-I/0 1B6-I/0 1B5-I/0 1B4-I/0 1B3-I/0 1B2-I/0 1B1-I/0 



Figure 8. 36-Bit PSA Configuration (10EAB = 20EAB = 1, 10EBA = 20EBA = 1) 
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2B9-I/0 2B8-I/0 2B7-I/0 2B6-I/0 2B5-I/0 2B4-I/0 2B3-I/0 2B2-I/0 2B1-I/0 
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2A9-I/0 2A8-I/0 2A7-I/0 2A6-I/0 2A5-I/0 2A4-I/0 2A3-I/0 2A2-I/0 2A1-I/0 



1A9-I/0 1A8-I/0 1A7-I/0 1A6-I/0 1A5-I/0 1A4-I/0 1A3-I/0 1A2-I/0 1A1-I/0 



Figure 9. 36-Bit PSA Configuration (10EAB = 20EAB = 0, 10EBA = 20EBA = 0) 
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simultaneous PSA and PRPG (PSA/PRPG) 

Data appearing at the selected device input-mode I/O pins is compressed into an 18-bit parallel signature in 
the shift-register elements of the selected input-mode BSCs on each rising edge of TCK. At the same time, an 
1 8-bit pseudo-random pattern is generated in the shift-register elements of the selected output-mode BSCs on 
each rising edge of TCK, updated in the shadow latches, and applied to the associated device I/O pins on each 
falling edge of TCK. Figures 10 and 11 illustrate the 18-bit linear-feedback shift-register algorithms through 
which the signature and patterns are generated. An initial seed value should be scanned into the BSR before 
performing this operation. A seed value of all zeroes does not produce additional patterns. 

2A9-I/0 2A8-I/0 2A7-I/0 2A6-I/0 2A5-I/0 2A4-I/0 2A3-I/0 2A2-I/0 2A1-I/0 




1A9-I/0 1A8-I/0 1A7-I/0 1A6-I/0 1A5-I/0 1A4-I/0 1A3-I/0 1A2-I/0 1A1-I/0 

i 1 1 1 i 1 1 1 i 
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.©_©_*©_©_© 



© 



© 



© 



.in 



2B9-I/0 2B8-I/0 2B7-I/0 2B6-I/0 2B5-I/0 2B4-I/0 2B3-I/Q 



2B2-I/0 2B1-I/0 



© = 3 1B9-I/0 1 



B8-I/0 1B7-I/0 1B6-I/0 1B5-I/0 1B4-I/0 1B3-I/0 1B2-I/0 1B1-I/0 



Figure 10. 18-Bit PSA/PRPG Configuration (10EAB = 20EAB = 1, 10EBA = 20EBA = 1) 
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Figure 11. 18-Bit PSA/PRPG Configuration (10EAB = 20EAB = 0, 10EBA = 20EBA = 0) 
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simultaneous PSA and binary count up (PSA/COUNT) 

Data appearing at the selected device input-mode I/O pins is compressed into an 18-bit parallel signature in 
the shift-register elements of the selected input-mode BSCs on each rising edge of TCK. At the same time, an 
1 8-bit binary count-up pattern is generated in the shift-register elements of the selected output-mode BSCs on 
each rising edge of TCK, updated in the shadow latches, and applied to the associated device I/O pins on each 
falling edge of TCK. Figures 12 and 13 illustrate the 18-bit linear-feedback shift-register algorithms through 
which the signature is generated. An initial seed value should be scanned into the BSR before performing this 
operation. 
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Figure 12. 18-Bit PSA/COUNT Configuration (10EAB = 20EAB = 1, 10EBA r 20EBA = 1) 
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Figure 13. 18-Bit PSA/COUNT Configuration (10EAB = 20EAB = 0, 10EBA = 20EBA = 0) 
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timing description 

All test operations of the 'ABTH1 8652A and 'ABTH1 82652A are synchronous to TCK. Data on the TDI, TMS, 
and normal-function inputs is captured on the rising edge of TCK. Data appears on the TDO and normal-function 
output pins on the falling edge of TCK. The TAP controller is advanced through its states (as shown in Figure 2) 
by changing the value of TMS on the falling edge of TCK and then applying a rising edge to TCK. 

A simple timing example is shown in Figure 14. In this example, the TAP controller begins in the 
Test-Logic-Reset state and is advanced through its states as necessary to perform one instruction-register scan 
and one data-register scan. While in the Shift-IR and Shift-DR states, TDI is used to input serial data, and TDO 
is used to output serial data. The TAP controller is then returned to the Test-Logic-Reset state. Table 5 details 
the operation of the test circuitry during each TCK cycle. 



Table 5. Explanation of Timing Example 



TCK 
CYCLc(o) 


TAP STATE 

MP 1 CH 1 


DESCRIPTION 


1 


Test-Logic-Reset 


TMS is changed to a logic 0 value on the falling edge of TCK to begin advancing the TAP controller toward 
the desired state. 


2 


Run-Test/Idle 




3 


Select-DR-Scan 




4 


Select-IR-Scan 




5 


Capture-IR 


The IR captures the 8-bit binary value 10000001 on the rising edge of TCK as the TAP controller exits the 
Capture-IR state. 


6 


Shift-IR 


TDO becomes active and TDI is made valid on the falling edge of TCK. The first bit is shifted into the TAP on 
the rising edge of TCK as the TAP controller advances to the next state. 


7-13 


Shift-IR 


One bit is shifted into the IR on each TCK rising edge. With TDI held at a logic 1 value, the 8-bit binary value 
11111111 is serially scanned into the IR. At the same time, the 8-bit binary value 10000001 is serially scanned 
out of the IR via TDO. In TCK cycle 1 3, TMS is changed to a logic 1 value to end the IR scan on the next TCK 
cycle. The last bit of the instruction is shifted as the TAP controller advances from Shift-IR to Exit1-IR. 


14 


Exitl-IR 


TDO becomes inactive (goes to the high-impedance state) on the falling edge of TCK. 


15 


Update-IR 


The IR is updated with the new instruction (BYPASS) on the falling edge of TCK. 


16 


Select-DR-Scan 




17 


Capture-DR 


The bypass register captures a logic 0 value on the rising edge of TCK as the TAP controller exits the 
Capture-DR state. 


18 


Shift-DR 


TDO becomes active and TDI is made valid on the falling edge of TCK. The first bit is shifted into the TAP on 
the rising edge of TCK as the TAP controller advances to the next state. 


19-20 


Shift-DR 


The binary value 101 is shifted in via TDI, while the binary value 010 is shifted out via TDO. 


21 


Exit1-DR 


TDO becomes inactive (goes to the high-impedance state) on the falling edge of TCK. 


22 


Update-DR 


The selected data register is updated with the new data on the falling edge of TCK. 


23 


Select-DR-Scan 




24 


Select-IR-Scan 




25 


Test-Logic-Reset 


Test operation completed 
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TCK 



TMS 



TDI 



TDO 



1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 

jmrnmruTJixuri^^ 



i_r 
n 



TAP 
Controller 
State 



<8 



te-DR 


-Scan 


-Scan 


Reset 


epd 


-DR 


t-IR 


6 




Select 


lec 


? 
_i 




<2 


Test- 



3-State (TDO) or Don't Care (TDI) 
Figure 14. Timing Example 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, Vcc -0.5 V to 7 V 

Input voltage range, V|: except I/O ports (see Note 1) -0.5 V to 7 V 

I/O ports (see Note 1 ) -0.5 V to 5.5 V 

Voltage range applied to any output in the high state or power-off state, Vq -0.5 V to 5.5 V 

Current into any output in the low state, lo: SN54ABTH1 8652A 96 mA 

SN54ABTH182652A(AportorTDO) 96 mA 

SN54ABTH182652A(Bport) 30 mA 

SN74ABTH18652A 128mA 

SN74ABTH182652A(AportorTDO) 128mA 

SN74ABTH182652A(Bport) 30mA 

Input clamp current, Iik (V| < 0) -1 8 mA 

Output clamp current, Iok (Vo < °) ~ 50 mA 

Maximum package power dissipation at Ta. = 55°C (in still air) (see Note 2): PM package 1 W 

Storage temperature range, T stg -65°C to 1 50°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 
NOTES: 1 . The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 

2. The maximum package power dissipation is calculated using a junction temperature of 1 50°C and a board trace length of 75 mils. 
For more information, referto the Package Thermal Considerations application note in the ABT Advanced BiCMOS Technology Data 
Book, literature number SCBD002. 
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recommended operating conditions 







SN54ABTH18652A 


SN74ABTH18652A 


UNIT 






MIN 


MAX 


MIN 


MAX 


vcc 


Supply voltage 


4.5 




4.5 


5.5 


V 


V|H 


High-level input voltage 


2 & 


2 


V 


VlL 


Low-level input voltage 




0.8 


V 


V| 


Input voltage 




vcc 


0 


vcc 


V 


lOH 


High-level output current 




-24 


-32 


mA 


lOL 


Low-level output current 


$ 48 


64 


mA 


At/Av 


Input transition rise or fall rate 


10 


10 


ns/V 


TA 


Operating free-air temperature 


-55 


125 


-40 


85 


°C 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


Ta = 25°C 


SN54ABTH18652A 


SN74ABTH18652A 


UNIT 


MIN TYPt MAX 


MIN MAX 


MIN MAX 


V|K 


Vcc = 4.5 V, l|--18mA 


-1.2 


-1.2 


-1.2 


V 


VOH 


Vcc = 4.5 V, Iqh = - 3 mA 


2.5 


2.5 


2.5 


V 


V C C = 5V, Iqh - "3 mA 


3 


3 


3 


Vcc = 4.5 V, Ioh = - 24 mA 


2 


2 




Vcc = 4.5 V, l0H = - 32mA 


2* 




e. 


vol 


V C C = 4.5 V 


lOL = 48 mA 


ft £K 


u.oo 




V 


Iql = 64 mA 


0.55* 




0.55 


ii 


CI K =4 Tf.K 


V C C = 0 ^ 5.5 V, 
V| = Vcc or GND 


±1 


±1 


±1 


HA 


A or B ports 


V C c = 5.5V, 
V| = Vcc or GND 


±20 


±20 


±20 


l|H 


OEAB 


Vcc = 5.5 V, V|=V C C 


40 150 


40 150 


40 150 


iiA 


OEBA, TDI, 
TMS 


10 


10 


10 


IlL 


OEAB 


Vcc = 5.5 V, V| = GND 


-10 


-10 


-10 


HA 


OEBA, TDI, 
TMS 


-40 -150 


-40 /~^150 


-40 -150 


'l(hold)* 


A or B ports 


V C C = 4.5 V 


V| = 0.8 V 


75 220 500 




75 500 


iiA 


V| = 2V 


-75 -180 -500 




-75 -500 


'OZH 


TDO 


Vcc = 2.1 V to 5.5 V, 
Vq = 2.7 V, 

OE = 0.8 V, OE = 2 V 


10 


■0 10 

cr 


10 


\iA 


lOZL 


TDO 


Vcc = 2.1 V to 5.5 V, 
Vo = 0.5V, 

OE = 0.8V, OE = 2V 


-10 


-10 


-10 


HA 


'OZPU 


TDO 


Vcc = 0 to 2.1 V, 

Vo = 2.7 V or 0.5 V, 

OE = 2 V, OE = 0.8 V 








HA 


'OZPD 


TDO 


Vcc = 2.1 V to 0, 
Vq = 2.7 V or 0.5 V, 
OE = 2 V, OE = 0.8 V 


±50 




±50 


HA 


'off 


Vcc = 0, V|orVo<4.5V 


±100 




±100 


HA 


'CEX 


Outputs high 


Vcc = 5.5 V, Vq = 5.5 V 


50 


50 


50 


IiA 


io§ 


Vcc = 5.5 V, Vq = 2.5 V 


-50 -110 -200 


-50 -200 


-50 -200 


mA 


'cc 


Outputs high 


V C c = 5.5 V, 

io-o, 

V| = V C c or 
GND 


A or B ports 


1.8 2.2 


2.2 


2.2 


mA 


Outputs low 


20 24 


24 


24 


Outputs 
disabled 


1.1 2 


2 


2 


Alec 11 


Vcc = 5-5 V, One input at 3.4 V, 
Other inputs at Vcc or GND 


1.5 


1.5 


1.5 


mA 



* On products compliant to MIL-PRF-38535, this parameter does not apply, 
t All typical values are at Vcc = 5 V. 

tjhe parameter 1 1 (hold) includes the off-state output leakage current. 

§ Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 
H This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc ° r GND. 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (continued) 



PARAMETER 


TEST CONDITIONS 


Ta = 25°C 


SN54ABTH18652A 


SN74ABTH18652A 


UNIT 


MIN TYPt MAX 


MIN MAX 


MIN MAX 


Ci 


Control 
inputs 


V| = 2.5 V or 0.5 V 


5 






PF 


Qo 


A or B ports 


Vo = 2.5 V or 0.5 V 


10 






PF 


c 0 


TDO 


Vq = 2.5 V or 0.5 V 


8 






PF 



t All typical values are at Vcc = 5 V. 



timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (normal mode) (see Figure 15) 





SN54ABTH18652A 


SN74ABTH18652A 


UNIT 


MIN MAX 


MIN MAX 


'clock Clock frequency 


CLKAB or CLKBA 


0 r A 100 


0 100 


MHz 


t w Pulse duration 


CLKAB or CLKBA high or low 




3 


ns 


t su Setup time 


A before CLKAB? or B before CLKBA? 




3 


ns 


t n Hold time 


A after CLKAB? or B after CLKBA? 




0.5 


ns 


timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (test mode) (see Figure 15) 




SN54ABTH18652A 


SN74ABTH18652A 


UNIT 


MIN MAX 


MIN MAX 


'clock Clock frequency 


TCK 


0 50 


0 50 


MHz 


t w Pulse duration 


TCK high or low 


8 ^ 


8 


ns 


t su Setup time 


A, B, CLK, OEAB, OEBA, or S before TCK? 


6 & 


6 


ns 


TDI before TCK? 


4.5 #' 


4.5 


TMS before TCK? 


3^ 


3 


Hold time 


A, B, CLK, OEAB, OEBA, or S after TCK? 




1.5 


ns 


TDI after TCK? 


-# 


1 


TMS after TCK? 




1.5 


td Delay time 


Power up to TCK? 


50 


50 


ns 


t r Rise time 


Vcc power up 


1 


1 


lis 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (normal mode) (see Figure 15) 



PARAMETER 


FROM 
(INPUT) 


TO 


V C C = 5V, 
T A = 25°C 


SN54ABTH18652A 


SN74ABTH18652A 


UNIT 




MIN 


TYP 


MAX 


MIN 


MAX 


MIN 


MAX 




'max 


CLKAB or 
CLKBA 




100 


150 




100 


100 


MHz 


*PLH 


AorB 


BorA 


1.5 


2.6 


4.7 


1.5 


5.2 


1.5 


5 


ns 


tPHL 


1.5 


3.2 


5 


1.5 




1.5 


5.4 


tPLH 


CLKAB or 


BorA 


1.5 


3.1 


5.2 


1.5 


<? 6 - 2 


1.5 


5.9 


ns 


tPHL 


CLKBA 


1.5 


3.7 


5.5 


1-5 4 


* 6.5 


1.5 


6.1 


tPLH 


SAB or SBA 


BorA 


1.5 


3.8 


5.6 




6.8 


1.5 


6.6 


ns 


tPHL 


1.5 


3.8 


6 


# 


7.2 


1.5 


6.8 


IPZH 




BorA 


1.5 


3.8 


5.7 




7 


1.5 


6.6 


ns 


tpZL 


OEAB or OEBA 


1.5 


3.9 


5.8 


— <T- 

1.5 


7 


1.5 


6.6 


tPHZ 


OEAB or OEBA 


BorA 


2 


5.3 


8.2 


2 


9.8 


2 


9.3 


ns 


tPLZ 


2 


4 


6.3 


2 


8 


2 


7.2 


switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (test mode) (see Figure 15) 


PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


VCC = 5V, 
T A = 25°C 


SN54ABTH18652A 


SN74ABTH18652A 


UNIT 




MIN 


TYP 


MAX 


MIN 


MAX 


MIN 


MAX 




'max 


TCK 




50 


90 




50 


50 


MHz 


tPLH 


TCKi 


AorB 


2.5 


6 


11 


2.5 


14.5 


2.5 


13.1 


ns 


tPHL 


2.5 


6.3 


10.8 


2.5 


14 


2.5 


12.4 


*PLH 


TCKi 


TDO 


2 


3.5 


5.1 


2 


,^ 7 


2 


5.6 


ns 


*PHL 


2 


3.6 


5.1 


2 


& 7 


2 


5.6 


tPZH 


TCKI 


AorB 


4 


7.2 


11.5 


4 J 


^ 14.5 


4 


13.4 


ns 


tPZL 


4 


7.2 


11.8 




4 


13.6 


tPZH 


TCKi 


TDO 


2 


3.6 


5.7 




7.5 


2 


6.6 


ns 


tPZL 


2 


3.8 


6.2 


8 


2 


6.9 


*PHZ 


TCKi 


AorB 


4 


7.5 


13 


C 4 


18 


4 


15 


ns 


tPLZ 


3 


6.5 


13.3 


3 


17.5 


3 


15 


tPHZ 


TCKi 


TDO 


3 


5 


6.8 


3 


8 


3 


7.2 


ns 


tPLZ 


2.5 


3.9 


5.5 


2.5 


8 


2.5 


6.3 
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recommended operating conditions 









SNS4ABTH182652A 


SN74ABTH182652A 


UNIT 








MIN MAX 


MIN 


MAX 


vcc 


Supply voltage 




4.5 5.5 


4.5 


5.5 


V 


V|H 


High-level input voltage 




2 


2 


V 


V|L 


Low-level input voltage 






0.8 


V 


V| 


Input voltage 




o 0cc 


0 


vcc 


V 


'oh 


High-level output current 


A port, TDO 


A -24 


-32 


mA 


Bport 


^ 

^ -12 
Q 


-12 


lOL 


Low-level output current 


A port, TDO 




64 


mA 


Bport 


— 


12 


At/Av 


Input transition rise or fall rate 




10 


10 


ns/V 


TA 


Operating free-air temperature 




-55 125 


-40 


85 


°C 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


Ta = 25°C 


SN54ABTH182652A 


SN74ABTH182652A 


UNIT 


MIN TYPt MAX 


MIN MAX 


MIN MAX 


V|K 


Vcc - 4.5 V, l|=-18mA 


-1.2 


-1.2 


-1.2 


V 


VOH 


A port, TDO 


Vcc = 4.5 V, IOH=" _3mA 


2.5 


2.5 


2.5 


V 


Vcc = 5V, ld H =-3mA 


3 


3 


3 


V C C - 4-5V 


lOH = -24 mA 


2 


2 




Iqh - - 32 mA 


2* 




2 


Bport 


Vcc = 4.5 V, Ioh "-1mA 


3.35 


3.3 


3.35 


Vcc = 5 v . Iqh - - 1 mA 


3.85 


3.8 


3.85 


V C C = 4.5 V 


IOH = "3 m A 


3.1 


3 


3.1 


IOH = "12mA 


2.6* 




2.6 


vol 


A port, TDO 


Vcc = 4.5 V 


lOL = 48 mA 


0.55 


0.55 




V 


lOL - 64 mA 


U.DO 




U.DD 


B port 


V C C = 4.5 V 


lOL = 8 mA 


u.o 


u.o 


U.DO 


Iql= 12 mA 


0.8* 




0.8 


i, 

'I 


CLK, S, 
TCK 


Vcc = 0 10 5 - 5 v. 
V| = Vcc or GND 


±1 


±1 


±1 


HA 


A or B ports 


Vcc = 5.5 V, 
V| = Vcc or GND 


±20 




±20 


l|H 


OEAB 


Vcc = 5.5 V, V|=V C C 


40 150 


40 ^0 


40 150 


(lA 


OEBA, TDI, 
TMS 


10 


0^ 

<r 10 


10 


IlL 


OEAB 


Vcc = 5.5 V, V| = GND 


-10 




-10 


jiA 


OEBA, TDI, 
TMS 


-40 -150 


.gf 

M -150 


-40 -150 


'l(hold)* 


A or B ports 


V C C - 4-5V 


V| = 0.8 V 


75 220 500 




75 500 


\iA 


V| = 2V 


-75 -180 -500 




-75 -500 


'OZH 


TDO 


Vcc = 2.1 V to 5.5 V, 
Vo = 2.7 V, 

OE = 0.8 V, OE = 2 V 


10 


10 


10 


\iA 


'OZL 


TDO 


V C C = 2.1 V to 5.5 V, 
Vo = 0.5 V, 

OE = 0.8 V, OE = 2 V 


-10 


-10 


-10 


HA 


lOZPU 


TDO 


Vcc = 0 to 2.1 V, 

Vq = 2.7 V or 0.5 V, 

OE = 2V, OE = 0.8V 


±50 




±50 


HA 


'OZPD 


TDO 


Vcc = 2.1 Vto 0. 

V 0 = 2.7 V or 0.5 V, 

OE = 2 V, OE = 0.8 V 


±50 




±50 


HA 


'off 


Vcc = 0, V|orVo<4.5V 


±100 




±100 


HA 


'CEX 


Outputs 
high 


Vcc -5.5 V, Vo = 5.5V 


50 


50 


50 


HA 


io§ 


A port, TDO 


Vcc = 5.5 V, Vq = 2.5V 


-50 -110 -200 


-50 -200 


-50 -200 


mA 


Bport 


V C C = 5.5 V, V 0 = 2.5V 


-25 -55 -100 


-25 -100 


-25 -100 



* On products compliant to MIL-PRF-38535, this parameter does not apply, 
t All typical values are at Vcc = 5 V. 

tThe parameter l|(hiold) includes the off-state output leakage current. 

§ Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (continued) 



PARAMETER 


TEST CONDITIONS 


Ta = 25°C 


O Ik 1 C >t A DTU4 OOfiCOA 

SN54A0Tm 82652A 


5N74 A Bin 1 82652A 


UNIT 


MIN TYrT MAX 


■ ilk! ha V 

MIN MAa 


MIN MAX 


'cc 


Outputs high 


V C C = 5.5 V, 

io-o, 

V| = Vcc or 
GND 


A or B ports 


1 n o o 


9 9 


9 9 


mA 


Outputs low 


22 27 




27 


Outputs 
disabled 


1.1 2 


,#2 


2 


Alec* 


Vcc = 5.5 V, One input at 3.4 V, 
Other inputs at Vcc or G- ND 


1.5 




1.5 


mA 


Ci 


Control 
inputs 


V| = 2.5 V or 0.5 V 


5 


# 

i> 




PF 


Cj 0 


A or B ports 


Vq = 2.5 V or 0.5 V 


10 


c 




PF 


C 0 


TDO 


Vq = 2.5 V or 0.5 V 


8 






PF 



t All typical values are at Vcc = 5 V. 

$ This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 



timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (normal mode) (see Figure 15) 









SN54ABTH182652A 


SN74ABTH182652A 


UNIT 








MIN MAX 


MIN MAX 


'clock 


Clock frequency 


CLKAB or CLKBA 


0 S-9 Q 


0 100 


MHz 


t w 


Pulse duration 


CLKAB or CLKBA high or low 




3 


ns 


tsu 


Setup time 


A before CLKABt or B before CLKBA? 




3 


ns 


th 


Hold time 


A after CLKABt or B after CLKBAt 


0.5<" 


0.5 


ns 


timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (test mode) (see Figure 15) 








SN54ABTH182652A 


SN74ABTH182652A 


UNIT 








MIN MAX 


MIN MAX 


'clock 


Clock frequency 


TCK 


0 50 


0 50 


MHz 


t w 


Pulse duration 


TCK high or low 


8 


8 


ns 






A, B, CLK, OEAB, OEBA, or S before TCKT 


6 


6 




tsu 


Setup time 


TDI before TCKt 


4-5 i& 


4.5 


ns 






TMS before TCKT 


3 ,C 


3 








A, B, CLK, OEAB, OEBA, or S after TCKT 


1.54 s 


1.5 




th 


Hold time 


TDI after TCKT 




1 


ns 






TMS after TCKT 


#5 


1.5 




td 


Delay time 


Power up to TCKT 


50 


50 


ns 


tr 


Rise time 


Vcc power up 


1 


1 


\1S 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (normal mode) (see Figure 15) 



PARAMETER 


FROM 

(INPUT) 


TO 

tf\t ITOI IT\ 

(uurru i) 


V C C = 5 V, 
Ta = 25°C 


SN54ABTH182652A 


SN74ABTH182652A 


UNIT 




MIN 


TYP 


MAX 


MIN 


MAX 


MIN 


MAX 




f 

•max 


CLKAB or 
CLKBA 




100 


150 




100 


100 


MHz 


l PLH 


A 


B 


1.5 


3.5 


5.1 


1.5 


5.8 


-1 £ 

1 .0 


o.o 


ns 


tPHL 


1.5 


4.1 


5.8 


1.5 


6.4 


1 .0 


fx 1 

D. 1 


*PLH 


B 


A 


1.5 


3.1 


4.7 


1.5 


5.2 


1 .0 


c 
O 


ns 


tPHL 


1.5 


3.3 


5 


1.5 5& 


1.5 


5.4 


tPLH 


CLKAB 


B 


1.5 


4.3 


6.2 


1.5 




1.5 


6.5 


ns 


tPHL 


1.5 


4.9 


7 


1.5 


F'8.1 


1.5 


7.4 


tPLH 


CLKBA 


A 


1.5 


3.6 


5.2 


1.5 6.2 


1.5 


5.9 


ns 


tPHL 


1.5 


3.8 


5.5 


1,5? 


6.5 


1.5 


6.1 


tPLH 


SAB 


B 


1.5 


4.4 


6.9 


Ji5 7.6 


1.5 


7.2 


ns 


tPHL 


1.5 


4.8 


7.4 


^1.5 


8.3 


1.5 


7.8 


tPLH 


SBA 


A 


1.5 


3.8 


5.6 


1.5 


6.8 


1.5 


6.6 


ns 


tPHL 


1.5 


3.9 


6 


1.5 


7.2 


1.5 


6.8 


tPZH 




Bor A 


1.5 


4.6 


6.4 


1.5 


7.8 


1.5 


7.4 


ns 


tpZL 


OEAB or OEBA 


1.5 


4.5 


6.2 


1.5 


7.4 


1.5 


7 


tPHZ 


OEAB or OEBA 


Bor A 


2 


5.3 


8.2 


2 


9.8 


2 


9.3 


ns 


*PLZ 


2 


4 


6.3 


2 


8 


2 


7.2 


switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (test mode) (see Figure 15) 


PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V C C = 5 V, 
Ta = 25°C 


SN54ABTH182652A 


SN74ABTH182652A 


UNIT 




MIN 


TYP 


MAX 


MIN 


MAX 


MIN 


MAX 




Wx 


TCK 




50 


90 




50 


50 


MHz 


tPLH 


TCKi 


A or B 


2.5 


6.8 


11 


2.5 


14.5 


2.5 


13.1 


ns 


tPHL 


2.5 


7.4 


10.8 


2.5 


14 


2.5 


12.4 


tPLH 


TCKi 


TDO 


2 


3.5 


5.1 


2 & 


2 


5.6 


ns 


tPHL 


2 


3.6 


5.1 


2 




2 


5.6 


tPZH 


TCKi 


AorB 


4 


8.4 


11.5 


4 


4^14.5 


4 


13.4 


ns 


tpZL 


4 


8.4 


11.8 




> 15 


4 


13.6 


*PZH 


TCKi 


TDO 


2 


3.6 


5.7 




7.5 


2 


6.6 


ns 


tpZL 


2 


3.8 


6.2 




2 


6.9 


l PHZ 


TCKi 


A or B 


4 


7.5 


13 


>< 4 


18 


4 


15 


ns 


tPLZ 


3 


6.5 


13.3 


3 


17.5 


3 


15 


tPHZ 


TCKi 


TDO 


3 


5 


6.8 


3 


8 


3 


7.2 


ns 


tPLZ 


2.5 


3.9 


5.5 


2.5 


8 


2.5 


6.3 
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PARAMETER MEASUREMENT INFORMATION 

7V 



From Output 

Under Test 

C[_ = 50pF 
(see Note A) 



500 CI 

-AA/V- 



500 n 



y 



p 

O Open 
9 GND 



TEST 


S1 


'plh'*phl 

tPLZ'*PZL 
tPHZ'tPZH 


Open 
7V 
Opon 



LOAD CIRCUIT 



, — v Y — 

Input 1.5 Vit A 1,5V 



VOLTAGE WAVEFORMS 
PULSE DURATION 



3V 



0V 



Timing Input 



Data Input 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



3V 
0V 



Input 



Output 



Output 



tPLH — j< 1\ 



3V 
0V 



tPHL 



*PHL— 



-j 

^.5V 



i V 0 H 

1.5 V 

vol 



k — 



»PLH 



I/ V 0H 

^1.5V 

vol 



VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output 
Control 



Output 
Waveform 1 
S1 at 7 V 
(see Note B) 

Output 
Waveform 2 
S1 at Open 
(see Note B) 



tpZL ->[ 14— 



1 tpLz |«J- 



\l.5V \/ 

\ \ -f VpL_+_0-3_V 

V 

I _ 



| tpHZ -*| 'fi- 
tpZH f4~ j 



3V 
0V 

3.5 V 

vol 



VQH-0.3V V ° H 



ov 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. Cl includes probe and jig capacitance. 

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

C. All input pulses are supplied by generators having the following characteristics: PRR< 10 MHz, Zq = 50 Q, t r < 2.5 ns, tf < 2.5 ns. 

D. The outputs are measured one at a time with one transition per measurement. 



Figure 15. Load Circuit and Voltage Waveforms 
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General Information 



1 



SN54/74BCT Octals 



SN54/74ABT Octals 



SN54/74ABT Widebus™ With Dual-Sided Terminals 
SN54/74ABT Widebus™ With Quad-Sided Terminals 
SN54/74LVT Widebus™ With Dual-Sided Terminals 
SN54/74LVT Widebus™ With Quad-Sided Terminals 



Scan-Support Functions 



Mechanical Data 



Technical Information 



6-1 



Contents 



'LVTH1 8245 1VTH1 82245 3.3-V ABT Scan Test Devices 

With 1 8-Bit Bus Transceivers 

'LVTH18512 1VTH1 82512 3.3-V ABT Scan Test Devices 

With 1 8-Bit Universal Bus Transceivers 

'LVTH1 8514 'LVTH1 82514 3.3-V ABT Scan Test Devices 

With 20-Bit Universal Bus Transceivers 

'LVTH1 851 6 1VTH1 8251 6 3.3-V ABT Scan Test Devices 

With 1 8-Bit Universal Bus Transceivers 

'LVTH1 8640 'LVTH1 82640 3.3-V ABT Scan Test Devices 
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• Members of the Texas Instruments 
SCOPE 1 ** Family of Testability Products 

• Members of the Texas Instruments 
Wldebus™ Family 

• State-of-the-Art 3.3-V ABT Design Supports 
Mixed-Mode Signal Operation (5-V Input 
and Output Voltages With 3.3-V V cc ) 

• Support Unregulated Battery Operation 
Down to 2.7 V 

• Bus Hold on Data Inputs Eliminates the 
Need for External Pullup Resistors 

• B-Port Outputs of 'LVTH182245 Devices 
Have Equivalent 25-Q Series Resistors, So 
No External Resistors Are Required 

• Compatible With the IEEE Standard 
1149.1-1990 (JTAG) Test Access Port and 
Boundary-Scan Architecture 

• SCOPE™ Instruction Set 

- IEEE Standard 1149.1-1990 Required 
Instructions and Optional CLAMP and 
HIGHZ 

- Parallel-Signature Analysis at Inputs 

- Pseudo-Random Pattern Generation 
From Outputs 

- Sample Inputs/Toggle Outputs 

- Binary Count From Outputs 

- Device Identification 

- Even-Parity Opcodes 

• Packaged in Plastic Shrink Small-Outline 
(DL) and Thin Shrink Small-Outline (DGG) 
Packages and 380-mil Fine-Pitch Ceramic 
Flat (WD) Packages 



SN54LVTH18245, SN54LVTH1 82245 ... WD PACKAGE 
SN74LVTH18245, SN74LVTH 182245 . . . DGG OR DL PACKAGE 
(TOP VIEW) 



1 niR r 
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i 




1 ri r 


o 
c. 


00 , 


1 ro r 


o 
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OH , 


RMn r 




oo , 


1 r 

I DO L 


0 




1 R/i r 


g 


51 ' 


v cc«- 


7 


5D 


1 rk r 

1 DO L 


O 


AQ 


1 rr r 

I DO L 


Q 


AO. ' 


1 R7 r 


10 


47 ' 




11 


40 , 


1B8[ 


12 


45 " 


1 rq r 

I Da L 


I 0 


AA 


9R1 r 


14 


43 " 

: 


9R9 r 


15 


AO 


?r^ r 


16 


41 ' 


2B4[ 




AC) 


gnd[ 


18 


39 ; 


2B5[ 


19 


38 ; 


2B6[ 


20 


37] 


2B7[ 


21 


36 . 


v C c[ 


22 


35 ] 


2B8[ 


23 


34: 


2B9[ 


24 


33 J 


gnd[ 


25 


32 ' 


2DIR[ 


26 


31] 


TDO[ 


27 


30 ] 


TMS[ 


28 


29 ] 



description 

The 'LVTH1 8245 and 'LVTH1 82245 scan test devices with 1 8-bit bus transceivers are members of the Texas 
Instruments SCOPE™ testability integrated-circuit family. This family of devices supports IEEE Standard 
1149.1-1990 boundary scan to facilitate testing of complex circuit-board assemblies. Scan access to the test 
circuitry is accomplished via the 4-wire test access port (TAP) interface. 

Additionally, these devices are designed specifically for low-voltage (3.3-V) Vcc operation, but with the 
capability to provide a TTL interface to a 5-V system environment. 

In the normal mode, these devices are 18-bit noninverting bus transceivers. They can be used either as two 
9-bit transceivers or one 18-bit transceiver. The test circuitry can be activated by the TAP to take snapshot 
samples of the data appearing at the device pins or to perform a self test on the boundary-test cells. Activating 
the TAP in the normal mode does not affect the functional operation of the SCOPE™ bus transceivers. 



SCOPE and Widebus are trademarks of Texas Instruments Incorporated. 
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description (continued) 

Data flow is controlled by the direction-control (DIR) and output-enable (OE) inputs. Data transmission is 
allowed from the A bus to the B bus or from the B bus to the A bus, depending on the logic level at DIR. The 
OE can be used to disable the device so that the buses are effectively isolated. 

In the test mode, the normal operation of the SCOPE™ bus transceivers is inhibited and the test circuitry is 
enabled to observe and control the I/O boundary of the device. When enabled, the test circuitry performs 
boundary-scan test operations according to the protocol described in IEEE Standard 1149.1-1990. 

Four dedicated test pins observe and control the operation of the test circuitry: test data input (TDI), test data 
output (TDO), test mode select (TMS), and test clock (TCK). Additionally, the test circuitry performs other testing 
functions such as parallel-signature analysis (PSA) on data inputs and pseudo-random pattern generation 
(PRPG) from data outputs. All testing and scan operations are synchronized to the TAP interface. 

Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logic level. 

The B-port outputs of 'LVTH1 82245, which are designed to source or sink up to 12 mA, include 25-Q, series 
resistors to reduce overshoot and undershoot. 

The SN74LVTH18245 and SN54LVTH 182245 are available in Tl's shrink small-outline (DL) and thin shrink 
small-outline (DGG) packages, which provide twice the I/O pin count and functionality of standard small-outline 
packages in the same printed-circuit-board area. 

The SN54LVTH1 8245 and SN54LVTH1 82245 are characterized for operation over the full military temperature 
range of -55°C to 125°C. The SN74LVTH1 8245 and SN74LVTH1 82245 are characterized for operation from 
-40°C to 85°C. 



FUNCTION TABLE 
(normal mode, each 9-blt section) 



INPUTS 


OPERATION 


OE DIR 


L L 
L H 
H X 


B data to A bus 
A data to B bus 
Isolation 
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functional block diagram 



1D1R 



— 56 
10E — 



2 -T-t> 

^CC^ ^ 



1A1 



2DIR 



20E 



2A1 



55 




vcck r 



43 



TDI 



TMS 



TCK 



V CC< 
30 < 



vcc, 
28 : 



29 



Boundary-Scan Register 



Q 




One of Nine Channels 



3D- 



One of Nine Channels 



Bypass Register 



Boundary-Control 
Register 



Identification 
Register 



Instruction Register 



TAP 
Controller 



1B1 



14 



2B1 



TDO 



5 

UJ 

> 

LU 

a. 

H 
O 
D 
Q 

O 
CC 
Q. 
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Terminal Functions 


TERMINAL NAME 


DESCRIPTION 


1A1-1A9.2A1-2A9 


Normal-function A-bus I/O ports. See function table for normal-mode logic. 


1B1-1B9.2B1-2B9 


Normal-function B-bus I/O ports. See function table for normal-mode logic. 


1DIR, 2DIR 


Normal-function direction controls. See function table for normal-mode logic. 


GND 


Ground 


10E.20E 


Normal-function output enables. See function table for normal-mode logic. An internal pullup at each terminal forces 
the terminal to a high level if left unconnected. 


TCK 


Test clock. One of four terminals required by IEEE Standard 1149.1-1990. Test operations of the device are 
synchronous to TCK. Data is captured on the rising edge of TCK and outputs change on the falling edge of TCK. 


TDI 


Test data input. One of four terminals required by IEEE Standard 1 149.1-1 990. TDI is the serial input for shifting data 
through the instruction register or selected data register. An internal pullup forces TDI to a high level if left unconnected. 


TDO 


Test data output. One of four terminals required by IEEE Standard 1149.1-1990. TDO is the serial output for shifting 
data through the instruction register or selected data register. 


TMS 


Test mode select. One of four terminals required by IEEE Standard 1 149.1-1990. TMS directs the device through its 
TAP controller states. An internal pullup forces TMS to a high level if left unconnected. 


vcc 


Supply voltage 
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test architecture 

Serial-test information is conveyed by means of a 4-wire test bus or TAP, that conforms to IEEE Standard 
1149.1-1990. Test instructions, test data, and test control signals all are passed along this serial-test bus. The 
TAP controller monitors two signals from the test bus, TCK and TMS. The TAP controller extracts the 
synchronization (TCK) and state control (TMS) signals from the test bus and generates the appropriate on-chip 
control signals for the test structures in the device. Figure 1 shows the TAP-controller state diagram. 

The TAP controller is fully synchronous to the TCK signal. Input data is captured on the rising edge of TCK and 
output data changes on the falling edge of TCK. This scheme ensures data to be captured is valid for fully 
one-half of the TCK cycle. 

The functional block diagram illustrates the IEEE Standard 1149.1-1990 4-wire test bus and boundary-scan 
architecture and the relationship among the test bus, the TAP controller, and the test registers. As illustrated, 
the device contains an 8-bit instruction register and four test-data registers: a 44-bit boundary-scan register, a 
3-bit boundary-control register, a 1 -bit bypass register, and a 32-bit device-identification register. 
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Figure 1. TAP-Controller State Diagram 
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state diagram description 

The TAP controller is a synchronous finite state machine that provides test control signals throughout the device. 
The state diagram shown in Figure 1 is in accordance with IEEE Standard 1149.1-1990. The TAP controller 
proceeds through its states based on the level of TMS at the rising edge of TCK. 

As shown, the TAP controller consists of 1 6 states. There are six stable states (indicated by a looping arrow in 
the state diagram) and ten unstable states. A stable state is a state the TAP controller can retain for consecutive 
TCK cycles. Any state that does not meet this criterion is an unstable state. 

There are two main paths through the state diagram: one to access and control the selected data register and 
one to access and control the instruction register. Only one register can be accessed at a time. 

Test-Logic-Reset 

The device powers up in the Test-Logic-Reset state. In the stable Test-Logic-Reset state, the test logic is reset 
and is disabled so that the normal logic function of the device is performed. The instruction register is reset to 
an opcode that selects the optional IDCODE instruction, if supported, or the BYPASS instruction. Certain data 
registers also can be reset to their power-up values. 

The state machine is constructed such that the TAP controller returns to the Test-Logic-Reset state in no more 
than five TCK cycles if TMS is left high. The TMS pin has an internal pullup resistor that forces it high if left 
unconnected or if a board defect causes it to be open circuited. 

For the 'LVTH18245 and 'LVTH1 82245, the instruction register is reset to the binary value 10000001 , which 
selects the IDCODE instruction. Bits 43-40 in the boundary-scan register are reset to logic 0, ensuring that 
these cells, which control A-port and B-port outputs, are set to benign values (i.e., if test mode were invoked, 
the outputs would be at high-impedance state). Reset values of other bits in the boundary-scan register should 
be considered indeterminate. The boundary-control register is reset to the binary value 01 0, which selects the 
PSA test operation. 

Run-Test/Idle 

The TAP controller must pass through the Run-Test/Idle state (from Test-Logic-Reset) before executing any test 
operations. The Run-Test/Idle state also can be entered following data-register or instruction-register scans. 
Run-Test/ldle is a stable state in which the test logic can be actively running a test or can be idle. The test 
operations selected by the boundary-control register are performed while the TAP controller is in the 
Run-Test/Idle state. 

Select-DR-Scan, Select-IR-Scan 

No specific function is performed in the Select-DR-Scan and Select-IR-Scan states, and the TAP controller exits 
either of these states on the next TCK cycle. These states allow the selection of either data-register scan or 
instruction-register scan. 

Capture-DR 

When a data-register scan is selected, the TAP controller must pass through the Capture-DR state. In the 
Capture-DR state, the selected data register can capture a data value as specified by the current instruction. 
Such capture operations occur on the rising edge of TCK, upon which the TAP controller exits the Capture-DR 
state. 

Shift-DR 

Upon entry to the Shift-DR state, the data register is placed in the scan path between TDI and TDO, and on the 
first falling edge of TCK, TDO goes from the high-impedance state to an active state. TDO enables to the logic 
level present in the least-significant bit of the selected data register. 



Texas 
Instruments 

6-8 POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 



SN54LVTH18245, SN54LVTH 182245, SN74LVTH 18245, SN74LVTH 182245 

3.3-V ABT SCAN TEST DEVICES 
WITH 18-BIT BUS TRANSCEIVERS 

SCBS1 61 C - AUGUST 1 993 - REVISED JULY 1996 



Shlft-DR (continued) 

While in the stable Shift-DR state, data is serially shifted through the selected data register on each TCK cycle. 
The first shift occurs on the first rising edge of TCK after entry to the Shift-DR state (i.e., no shifting occurs during 
the TCK cycle in which the TAP controller changes from Capture-DR to Shift-DR or from Exit2-DR to Shift-DR). 
The last shift occurs on the rising edge of TCK, upon which the TAP controller exits the Shift-DR state. 

Exitl-DR, Exit2-DR 

The Exit1-DR and Exit2-DR states are temporary states that end a data-register scan. It is possible to return 
to the Shift-DR state from either Exit1-DR or Exit2-DR without recapturing the data register. On the first falling 
edge of TCK after entry to Exitl-DR, TDO goes from the active state to the high-impedance state. 

Pause-DR 

No specific function is performed in the stable Pause-DR state, in which the TAP controller can remain 
indefinitely. The Pause-DR state suspends and resumes data register-scan operations without loss of data. 

Update-DR 

If the current instruction calls for the selected data register to be updated with current data, such update occurs 
on the falling edge of TCK, following entry to the Update-DR state. 

Capture-IR 

When an instruction-register scan is selected, the TAP controller must pass through the Capture-IR state. In 
the Capture-IR state, the instruction register captures its current status value. This capture operation occurs 
on the rising edge of TCK, upon which the TAP controller exits the Capture-IR state. For the 'LVTH1 8245 and 
'LVTH1 82245, the status value loaded in the Capture-IR state is the fixed binary value 1 0000001 . 

Shift-IR 

Upon entry to the Shift-IR state, the instruction register is placed in the scan path between TDI and TDO, and 
on the first falling edge of TCK, TDO goes from the high-impedance state to an active state. TDO enables to 
the logic level present in the least-significant bit of the instruction register. 

While in the stable Shift-IR state, instruction data is serially shifted through the instruction register on each TCK 
cycle. The first shift occurs on the first rising edge of TCK after entry to the Shift-IR state (i.e., no shifting occurs 
during the TCK cycle in which the TAP controller changes from Capture-IR to Shift-IR or from Exit2-IR to 
Shift-IR). The last shift occurs on the rising edge of TCK, upon which the TAP controller exits the Shift-IR state. 

Exit1-IR, Exit2-IR 

The Exit1-IR and Exit2-IR states are temporary states that end an instruction-register scan. It is possible to 
return to the Shift-IR state from either Exit1-IR or Exit2-IR without recapturing the instruction register. On the 
first falling edge of TCK after entry to Exit1-IR, TDO goes from the active state to the high-impedance state. 

Pause-IR 

No specific function is performed in the stable Pause-IR state, in which the TAP controller can remain 
indefinitely. The Pause-IR state suspends and resumes instruction-register scan operations without loss of 
data. 

Update-IR 

The current instruction is updated and takes effect on the falling edge of TCK, following entry to the Update-IR 
state. 



Texas 
Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 6-9 



SN54LVTH18245, SN54LVTH182245, SN74LVTH 18245, SN74LVTH 182245 
3.3-V ABT SCAN TEST DEVICES 
WITH 18-BIT BUS TRANSCEIVERS 

SCBS1 61 C - AUGUST 1 993 - REVISED JULY 1 996 



register overview 

With the exception of the bypass and device-identification registers, any test register can be thought of as a 
serial-shift register with a shadow latch on each bit. The bypass and device identification registers differ in that 
they contain only a shift register. During the appropriate capture state (Capture-IR for instruction register, 
Capture-DR for data registers), the shift register can be parallel loaded from a source specified by the current 
instruction. During the appropriate shift state (Shift-IR or Shift-DR), the contents of the shift register are shifted 
out from TDO while new contents are shifted in at TDI. During the appropriate update state (Update-IR or 
Update-DR), the shadow latches are updated from the shift register. 

instruction register description 

The instruction register (IR) is eight bits long and tells the device what instruction is to be executed. Information 
contained in the instruction includes the mode of operation (either normal mode, in which the device performs 
its normal logic function, or test mode, in which the normal logic function is inhibited or altered) , the test operation 
to be performed, which of the four data registers is to be selected for inclusion in the scan path during 
data-register scans, and the source of data to be captured into the selected data register during Capture-DR. 

Table 3 lists the instructions supported by the 'LVTH1 8245 and 'LVTH 1 82245. The even-parity feature specified 
for SCOPE™ devices is supported in this device. Bit 7 of the instruction opcode is the parity bit. Any instructions 
that are defined for SCOPE™ devices but are not supported by this device default to BYPASS. 

During Capture-IR, the IR captures the binary value 1 0000001 . As an instruction is shifted in, this value is shifted 
out via TDO and can be inspected as verification that the IR is in the scan path. During Update-IR, the value 
that has been shifted into the IR is loaded into shadow latches. At this time, the current instruction is updated 
and any specified mode change takes effect. At power up or in the Test-Logic-Reset state, the IR is reset to the 
binary value 10000001 , which selects the IDCODE instruction. The IR order of scan is shown in Figure 2. 
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Figure 2. Instruction Register Order of Scan 
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data register description 
boundary-scan register 

The boundary-scan register (BSR) is 44 bits long. It contains one boundary-scan cell (BSC) for each 
normal-function input pin, one BSC for each normal-function I/O pin (one single cell for both input data and 
output data), and one BSC for each of the internally decoded output-enable signals (10EA, 20EA, 10EB, 
20EB). The BSR is used 1) to store test data that is to be applied externally to the device output pins, and/or 
2) to capture data that appears internally at the outputs of the normal on-chip logic and/or externally at the device 
input pins. 

The source of data to be captured into the BSR during Capture-DR is determined by the current instruction. The 
contents of the BSR can change during Run-Test/ldle, as determined by the current instruction. At power up 
or in Test-Logic-Reset, BSCs 43-40 are reset to logic 0, ensuring that these cells, which control A-port and 
B-port outputs, are set to benign values (i.e., if test mode were invoked, the outputs would be at high-impedance 
state). Reset values for other BSCs should be considered indeterminate. 

When external data is to be captured, the BSCs for signals 1 0EA, 20EA, 1 0EB, and 20EB capture logic values 
determined by the following positive-logic equations: 

10EA = TOE • TUTR, 20EA = 20E • 2DTR", 10EB = 10E • DIR.and 20EB = 20E • DIR 

When data is to be applied externally, these BSCs control the drive state (active or high impedance) of their 

respective outputs. 

The BSR order of scan is from TDI through bits 43-0 to TDO. Table 1 shows the BSR bits and their associated 
device pin signals. 



Table 1. Boundary-Scan Register Configuration 
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boundary-control register 

The boundary-control register (BCR) is three bits long. The BCR is used in the context of the RUNT instruction 
to implement additional test operations not included in the basic SCOPE™ instruction set. Such operations 
include PRPG, PSA, and binary count up (COUNT). Table 4 shows the test operations that are decoded by the 
BCR. 

During Capture-DR, the contents of the BCR are not changed. At power up or in Test-Logic-Reset, the BCR is 
reset to the binary value 010, which selects the PSA test operation. The BCR order of scan is shown in 
Figure 3. 
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Figure 3. Boundary-Control Register Order of Scan 

bypass register 

The bypass register is a 1-bit scan path that can be selected to shorten the length of the system scan path, 
reducing the number of bits per test pattern that must be applied to complete a test operation. During 
Capture-DR, the bypass register captures a logic 0. The bypass register order of scan is shown in 
Figure 4. 
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Figure 4. Bypass Register Order of Scan 
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device-Identification register 

The device-identification register (IDR) is 32 bits long. It can be selected and read to identify the manufacturer, 
part number, and version of this device. 

For the 'LVTH18245, the binary value 00000000000000011011000000101111 (0001 B02F, hex) is captured 
(during Capture-DR state) in the IDR to identify this device as Texas Instruments SN54/74LVTH 18245. 

For the 'LVTH1 82245, the binary value 00000000000000100000000000101111 (0002002F, hex) is captured 
(during Capture-DR state) in the IDR to identify this device as Texas Instruments SN54/74LVTH 182245. 

The IDR order of scan is from TDI through bits 31-0 to TDO. Table 2 shows the IDR bits and their significance. 



Table 2. Device-Identification Register Configuration 
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t Note that for Tl products, bits 11-0 of the device-identification register always contain the binary value 000000101111 



(02F, hex). 
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instruction-register opcode description 

The instruction-register opcodes are shown in Table 3. The following descriptions detail the operation of each 
instruction. 



Table 3. Instruction-Register Opcodes 



RINARY POnPt 
Dl Pi Mil I vvUu 1 

BIT7->BIT0 
MSB -> LSB 


SCOPE OPCODE 


DESCRIPTION 


SELECTED DATA 

DCOICTCD 


MODE 


00000000 


EXTEST 


Boundary scan 


Boundary scan 


Test 


10000001 


IDCODE 


Identification read 


Device identification 


Normal 


10000010 


SAMPLE/PRELOAD 


Sample boundary 


Boundary scan 


Normal 


00000011 


BYPASS* 


Bypass scan 


Bypass 


Normal 


10000100 


BYPASS* 


Bypass scan 


Bypass 


Normal 


00000101 


BYPASS* 


Bypass scan 


Bypass 


Normal 


00000110 


HIGHZ 


Control boundary to high impedance 


Bypass 


Modified test 


10000111 


CLAMP 


Control boundary to 1/0 


Bypass 


Test 


10001000 


BYPASS* 


Bypass scan 


Bypass 


Normal 


00001001 


RUNT 


Boundary run test 


Bypass 


Test 


00001010 


READBN 


Boundary read 


Boundary scan 


Normal 


10001011 


READBT 


Boundary read 


Boundary scan 


Test 


00001100 


CELLTST 


Boundary self test 


Boundary scan 


Normal 


10001101 


TOPHIP 


Boundary toggle outputs 


Bypass 


Test 


10001110 


SCANCN 


Boundary-control register scan 


Boundary control 


Normal 


00001111 


SCANCT 


Boundary-control register scan 


Boundary control 


Test 


All others 


BYPASS 


Bypass scan 


Bypass 


Normal 



t Bit 7 is used to maintain even parity in the 8-bit instruction. 

*The BYPASS instruction is executed in lieu of a SCOPE™ instruction that is not supported in the 'LVT18245 or 'LVT1 82245. 



boundary scan 

This instruction conforms to the IEEE Standard 1149.1-1990 EXTEST instruction. The BSR is selected in the 
scan path. Data appearing at the device input and I/O pins is captured in the associated BSCs. Data that has 
been scanned into the input BSCs is applied to the inputs of the normal on-chip logic, while data scanned into 
the I/O BSCs for pins in the output mode is applied to the device I/O pins. Data present at the device I/O pins 
is passed through the I/O BSCs to the normal on-chip logic. For I/O pins, the operation of a pin as input or output 
is determined by the contents of the output-enable BSCs (bits 43-40 of the BSR). When a given output enable 
is active (logic 1), the associated I/O pins operate in the output mode. Otherwise, the I/O pins operate in the 
input mode. The device operates in the test mode. 

Identification read 

This instruction conforms to the IEEE Standard 1149.1-1990 IDCODE instruction. The IDR is selected in the 
scan path. The device operates in the normal mode. 

sample boundary 

This instruction conforms to the IEEE Standard 1149.1-1990 SAMPLE/PRELOAD instruction. The BSR is 
selected in the scan path. Data appearing at the device input pins and I/O pins in the input mode is captured 
in the associated BSCs, while data appearing at the outputs of the normal on-chip logic is captured in the BSCs 
associated with I/O pins in the output mode. The device operates in the normal mode. 
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bypass scan 

This instruction conforms to the IEEE Standard 1149.1-1990 BYPASS instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. The device 
operates in the normal mode. 

control boundary to high impedance 

This instruction conforms to the IEEE Standard 11 49.1 a-1 993 HIGHZ instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. The device 
operates in a modified test mode in which all device I/O pins are placed in the high-impedance state, the device 
input pins remain operational, and the normal on-chip logic function is performed. 

control boundary to 1/0 

This instruction conforms to the IEEE Standard 11 49.1 a-1 993 CLAMP instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. Data in the input 
BSCs is applied to the inputs of the normal on-chip logic, while data in the I/O BSCs for pins in the output mode 
is applied to the device I/O pins. The device operates in the test mode. 

boundary-run test 

The bypass register is selected in the scan path. A logic 0 value is captured in the bypass register during 
Capture-DR. The device operates in the test mode. The test operation specified in the BCR is executed during 
Run-Test/ldle. The five test operations decoded by the BCR are: sample inputs/toggle outputs (TOPSIP), 
PRPG, PSA, simultaneous PSA and PRPG (PSA/PRPG), and simultaneous PSA and binary count up 
(PSA/COUNT). 

boundary read 

The BSR is selected in the scan path. The value in the BSR remains unchanged during Capture-DR. This 
instruction is useful for inspecting data after a PSA operation. 

boundary self test 

The BSR is selected in the scan path. All BSCs capture the inverse of their current values during Capture-DR. 
In this way, the contents of the shadow latches can be read out to verify the integrity of both shift-register and 
shadow-latch elements of the BSR. The device operates in the normal mode. 

boundary toggle outputs 

The bypass register is selected in the scan path. A logic 0 value is captured in the bypass register during 
Capture-DR. Data in the shift-register elements of the selected output-mode BSCs is toggled on each rising 
edge of TCK in Run-Test/Idle, updated in the shadow latches, and applied to the associated device I/O pins on 
each falling edge of TCK in Run-Test/Idle. Data in the input-mode BSCs remains constant. Data appearing at 
the device input or I/O pins is not captured in the input-mode BSCs. The device operates in the test mode. 

boundary-control-register scan 

The BCR is selected in the scan path. The value in the BCR remains unchanged during Capture-DR. This 
operation must be performed before a boundary-run test operation to specify which test operation is to be 
executed. 
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boundary-control-register opcode description 

The BCR opcodes are decoded from BCR bits 2-0 as shown in Table 4. The selected test operation is performed 
while the RUNT instruction is executed in the Run-Test/Idle state. The following descriptions detail the operation 
of each BCR instruction and illustrate the associated PSA and PRPG algorithms. 



Table 4. Boundary-Control Register Opcodes 



BINARY CODE 
BIT 2 -» BIT 0 
MSB -» LSB 


DESCRIPTION 


XOO 


Sample inputs/toggle outputs (TOPSIP) 


X01 


Pseudo-random pattern generation/36-bit mode (PRPG) 


X10 


Parallel-signature analysis/36-bit mode (PSA) 


011 


Simultaneous PSA and PRPG/1 8-bit mode (PSA/PRPG) 


111 


Simultaneous PSA and binary count up/1 8-bit mode (PSA/COUNT) 



While the control input BSCs (bits 43-36) are not included in the toggle, PSA, PRPG, or COUNT algorithms, 
the output-enable BSCs (bits 43-40 of the BSR) control the drive state (active or high impedance) of the selected 
device output pins. These BCR instructions are valid only when both bytes of the device are operating in one 
direction of data flow (that is, 1 0EA * 1 0EB and 20EA * 20EB) and in the same direction of data flow (that is, 
10EA= 20EA and 10EB = 20EB). Otherwise, the bypass instruction is operated. 

sample inputs/toggle outputs (TOPSIP) 

Data appearing at the selected device input-mode I/O pins is captured in the shift-register elements of the 
associated BSCs on each rising edge of TCK. Data in the shift-register elements of the selected output-mode 
BSCs is toggled on each rising edge of TCK, updated in the shadow latches, and applied to the associated 
device I/O pins on each falling edge of TCK. 
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pseudo-random pattern generation (PRPG) 

A pseudo-random pattern is generated in the shift-register elements of the selected BSCs on each rising edge 
of TCK, updated in the shadow latches, and applied to the associated device output-mode I/O pins on each 
falling edge of TCK. Figures 5 and 6 illustrate the 36-bit linear-feedback shift-register algorithms through which 
the patterns are generated. An initial seed value should be scanned into the BSR before performing this 
operation. A seed value of all zeroes does not produce additional patterns. 
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Figure 5. 36-Bit PRPG Configuration (10EA = 20EA = 0, 10EB = 20EB = 1) 
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2B9-I/0 2B8-I/0 2B7-I/0 2B6-I/0 2B5-I/0 2B4-I/0 2B3-I/0 2B2-I/0 2B1-I/0 
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Figure 6. 36-Bit PRPG Configuration (10EA = 20EA = 1, 10EB = 20EB = 0) 
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parallel-signature analysis (PSA) 

Data appearing at the selected device input-mode I/O pins is compressed into a 36-bit parallel signature in the 
shift-register elements of the selected BSCs on each rising edge of TCK. Data in the shadow latches of the 
selected output-mode BSCs remains constant and is applied to the associated device I/O pins. Figures 7 and 8 
illustrate the 36-bit linear-feedback shift-register algorithms through which the signature is generated. An initial 
seed value should be scanned into the BSR before performing this operation. 
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Figure 7. 36-Bit PSA Configuration (10EA = 20EA = 0, 10EB = 20EB = 1) 
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Figure 8. 36-Bit PSA Configuration (10EA = 20EA = 1, 10EB = 20EB = 0) 
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simultaneous PSA and PRPG (PSA/PRPG) 

Data appearing at the selected device input-mode I/O pins is compressed into an 1 8-bit parallel signature in 
the shift-register elements of the selected input-mode BSCs on each rising edge of TCK. At the same time, an 
1 8-bit pseudo-random pattern is generated in the shift-register elements of the selected output-mode BSCs on 
each rising edge of TCK, updated in the shadow latches, and applied to the associated device I/O pins on each 
falling edge of TCK. Figures 9 and 1 0 illustrate the 1 8-bit linear-feedback shift-register algorithms through which 
the signature and patterns are generated. An initial seed value should be scanned into the BSR before 
performing this operation. A seed value of all zeroes does not produce additional patterns. 
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Figure 9. 18-Bit PSA/PRPG Configuration (10EA = 20EA = 0, 10EB = 20EB = 1) 
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Figure 10. 18-Bit PSA/PRPG Configuration (10EA = 20EA = 1, 10EB = 20EB = 0) 
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simultaneous PSA and binary count up (PSA/COUNT) 

Data appearing at the selected device input-mode I/O pins is compressed into an 18-bit parallel signature in 
the shift-register elements of the selected input-mode BSCs on each rising edge of TCK. At the same time, an 
1 8-bit binary count-up pattern is generated in the shift-register elements of the selected output-mode BSCs on 
each rising edge of TCK, updated in the shadow latches, and applied to the associated device I/O pins on each 
falling edge of TCK. Figures 11 and 12 illustrate the 18-bit linear-feedback shift-register algorithms through 
which the signature is generated. An initial seed value should be scanned into the BSR before performing this 
operation. 
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Figure 11. 18-Bit PSA/COUNT Configuration (10EA = 20EA = 0, 10EB = 20EB = 1) 
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Figure 12. 18-Bit PSA/COUNT Configuration (10EA = 20EA = 1, 10EB = 20EB = 0) 
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timing description 

All test operations of the 'LVTH1 8245 and 'LVTH1 82245 are synchronous to TCK. Data on the TDI, TMS, and 
normal-function inputs is captured on the rising edge of TCK. Data appears on the TDO and normal-function 
output pins on the falling edge of TCK. The TAP controller is advanced through its states (as shown in Figure 1 ) 
by changing the value of TMS on the falling edge of TCK and then applying a rising edge to TCK. 

A simple timing example is shown in Figure 13. In this example, the TAP controller begins in the 
Test-Logic-Reset state and is advanced through its states as necessary to perform one instruction-register scan 
and one data-register scan. While in the Shift-IR and Shift-DR states, TDI is used to input serial data and TDO 
is used to output serial data. The TAP controller is then returned to the Test-Logic-Reset state. Table 5 details 
the operation of the test circuitry during each TCK cycle. 



Table 5. Explanation of Timing Example 



TCK 
CYCLE(S) 


TAP STATE 
AFTER TCK 


DESCRIPTION 


1 


Test-Logic-Reset 


TMS is changed to a logic 0 value on the falling edge of TCK to begin advancing the TAP controller toward 
the desired state. 


2 


Run-Test/ldle 




3 


Select-DR-Scan 




4 


Select-IR-Scan 




5 


Capture-IR 


The IR captures the 8-bit binary value 10000001 on the rising edge of TCK as the TAP controller exits the 
Capture-IR state. 


6 


Shift-IR 


TDO becomes active and TDI is made valid on the falling edge of TCK. The first bit is shifted into the TAP 
on the rising edge of TCK as the TAP controller advances to the next state. 


7-13 


Shift-IR 


One bit is shifted into the IR on each TCK rising edge. With TDI held at a logic 1 value, the 8-bit binary value 
1 1 1 1 1 1 1 1 is serially scanned into the IR. At the same time, the 8-bit binary value 1 0000001 is serially scanned 
out of the IR via TDO. In TCK cycle 13, TMS is changed to a logic 1 value to end the IR scan on the next 
TCK cycle. The last bit of the instruction is shifted as the TAP controller advances from Shift-IR to Exit1-IR. 


14 


ExitMR 


TDO becomes inactive (goes to the high-impedance state) on the falling edge of TCK. 


15 


Update-IR 


The IR is updated with the new instruction (BYPASS) on the falling edge of TCK. 


16 


Select-DR-Scan 




17 


Capture-DR 


The bypass register captures a logic 0 value on the rising edge of TCK as the TAP controller exits the 
Capture-DR state. 


18 


Shift-DR 


TDO becomes active and TDI is made valid on the falling edge of TCK. The first bit is shifted into the TAP 
on the rising edge of TCK as the TAP controller advances to the next state. 


19-20 


Shift-DR 


The binary value 101 is shifted in via TDI, while the binary value 010 is shifted out via TDO. 


21 


Exit1-DR 


TDO becomes inactive (goes to the high-impedance state) on the falling edge of TCK. 


22 


Update-DR 


In general, the selected data register is updated with the new data on the falling edge of TCK. 


23 


Select-DR-Scan 




24 


Select-IR-Scan 




25 


Test-Logic-Reset 


Test operation completed 
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Figure 13. Timing Example 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, Vcc -0-5 V to 4.6 V 

Input voltage range, V| (see Note 1) -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq (see Note 1) — -0.5 V to 7 V 

Current into any output in the low state, Iq: SN54LVTH18245 96 mA 

SN54LVTH 182245 (A port or TDO) 96 mA 

SN54LVTH 182245 (B port) 30 mA 

SN74LVTH 18245 128mA 

SN74LVTH 182245 (A port or TDO) 128 mA 

SN74LVTH 1 82245 (B port) 30 mA 

Current into any output in the high state, Irj (see Note 2): SN54LVTH18245 48 mA 

SN54LVTH 182245 (A port or TDO) 48 mA 

SN54LVTH 1 82245 (B port) 30 mA 

SN74LVTH 18245 64 mA 

SN74LVTH 182245 (A port or TDO) 64 mA 

SN74LVTH 1 82245 (B port) 30 mA 

Input clamp current, Iik (V| < 0) -50 mA 

Output clamp current, Iqk ( v o < °) -50 mA 

Maximum power dissipation at Ta = 55°C (in still air) (see Note 3): DGG package 1 W 

DL package 1 .4 W 

Storage temperature range, T s t g -65°C to 1 50°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1 . The input and output negative-voltage ratings can be exceeded if the input and output clamp-current ratings are observed. 

2. This current will only flow when the output is in the high state and Vq > Vrjc- 

3. The maximum package power dissipation is calculated using a junction temperature of 1 50° C and a board trace length of 750 mils. 
For more information, refer to the Package Thermal Considerations application note in the ABT Advanced BiCMOS Technology Data 
Book, literature number SCBD002. 
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recommended operating conditions 









SN54LVTH18245 


SN74LVTH18245 










MIN 


MAX 


MIN 


MAX 


UNIT 


vcc 


Supply voltage 




2.7 


3.6 


2.7 


3.6 


V 


V|H 


High-level input voltage 




2 


2 


V 


V|L 


Low-level input voltage 




0.8 


0.8 


V 


V| 


Input voltage 




5.5 


5.5 


V 


lOH 


High-level output current 




-24 


-32 


mA 


lOL 


Low-level output current 




24 


32 


mA 


IOL+ 


Low-level output current 




48 


64 


mA 


At/Av 


Input transition rise or fall rate 


Outputs enabled 


10 


10 


ns/V 


T A 


Operating free-air temperature 




-55 


125 


-40 


85 


°C 



t Current duty cycle < 50%, f > 1 kHz 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (see Note 4) 



PARAMETER 


TEST CONDITIONS 


SN54LVTH18245 


SN74LVTH18245 


UNIT 


MIN TYPt MAX 


MIN TYPt MAX 


V|K 


Vcc = 2.7V, l| = -18mA 


-1.2 


-1.2 


V 


VOH 


Vqc - MIN to MAX*, Ioh = -100hA 


Vcc-0.2 


Vcc-0.2 


V 


Vcc - 2.7 v . 'OH - -3 mA 


2.4 


2.4 


V C C = 3V 


Iqh = -8 mA 


2.4 


2.4 


'OH - - 24 mA 


2 




Iqh = -32 mA 




2 


vol 


V C C -2.7 V 


Iql- 100 nA 


0.2 


0.2 


V 


Iql = 24 mA 


0.5 


0.5 


V C C = 3V 


IOL= 16 mA 


0.4 


0.4 


lOL = 32 mA 


0.5 


0.5 


Iql - 48 m A 


0.55 




Iql - 64 mA 




0.55 


■l 


Vcc -3.6 V, V|=Vcc°rGND 


DIR, TCK 


±1 


±1 


■ i A 

HA 


V C c - 0 or MAX*, V| = 5.5 V 


10 


10 


VCC = 3.6 V 


V| «= 5.5 V 


OE, TDI, TMS 


50 


50 


V|-Vcc 


1 


1 


V| = 0 


-25 -100 


-25 -100 


V| = 5.5 V 


A or B ports§ 


20 


20 


V| = V C C 


1 


1 


V| = 0 


-5 


-5 


'off 


VCC - 0. V| or Vq = 0 to 4.5 V 




+100 


HA 


'l(hold) 11 


V C C = 3V 


V| = 0.8 V 


A or B ports 


75 


75 


HA 


V|=2V 


-75 


-75 


'OZH 


Vcc = 3.6 V, V 0 = 3 V 


TDO 


1 
i 


■| 




'OZL 


V C C - 3.6 V, Vo - 0.5 V 


TDO 


_-| 


_■) 


■ ■A 


'OZPU 


Vcc-Oto 1.5V, V o = 0.5Vor3V 


TDO 




+50 


JIM 


'UirU 


Vqc- 1-5 V toO, Vo-0.5Vor3V 


TDO 


±50 


±50 


HA 


'cc 


V C C - 3.6 V, l 0 = 0, 
V| = Vcc or GND 


Outputs high 


2 


2 


mA 


Outputs low 


30 


30 


Outputs 
disabled 


2 


2 


Alcc # 


Vcc - 3 V to 3.6 V, One input at Vcc - 0-6 V, 
Other inputs at Vcc or GND 


0.2 


0.2 


mA 


Cj 


V| = 3VorO 


4 


4 


PF 


Cj 0 


V 0 = 3VorO 


11 


11 


PF 


Co 


Vo = 3VorO 


8 


8 


PF 



t All typical values are at Vcc = 3.3 V, Ta = 25°C 

+" For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
§ Unused pins at Vcc or GND 

^ The parameter I|(hoId) includes the off-state output leakage current. 

#This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or END- 
NOTE 4: Product preview specifications are design goals only and are subject to change without notice. 
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timinq requirements over recommended operating free-air temperature range (unless otherwise 
noted) (test mode) (see Note 4 and Figure 14) 





SN54LVTH18245 


SN74LVTH18245 


UNIT 


Vqq - 3.3 V 
±0.3V 


V C C = 2.7 V 


Vqc = 3.3 V 
+ 0.3V 


V C C = 2.7 V 


MIN MAX 


MIN MAX 


MIN MAX 


MIN MAX 


'clock Clock frequency 


TCK 






0 50 




MHz 


t w Pulse duration 


TCK high or low 






9.5 




ns 


t su Setup time 


A, B, DIR. or OE before TCKT 






6.5 




ns 


TDI before TCKT 






2.5 




TMS before TCKT 






2.5 




t n Hold time 


A, B, DIR, or OE after TCKT 






1.5 




ns 


TDI after TCKT 






1.5 




TMS after TCKT 






1.5 




td Delay time 


Power up to TCKT 






50 




ns 


t r Rise time 


Vcc power up 






1 




US 



NOTE 4: Product preview specifications are design goals only and are subject to change without notice. 
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switching characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (normal mode) (see Note 4 and Figure 14) 









SN54LVTH18245 


SN74LVTH18245 




PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V C C = 3.3 V 
±0.3V 


V C C = 2.7V 


V C C = 3-3 V 
±0.3V 


V C C = 2.7V 


UNIT 








MIN MAX 


MIN MAX 


MIN 


MAX 


MIN MAX 




tPLH 


AorB 


B or A 






1.5 


5.5 




ns 


tPHL 






1.5 


5.5 




IPZH 


OE 


BorA 






2 


9.5 




ns 


tpZL 






2 


9.5 




tPHZ 


OE 


BorA 






2.5 


10.5 




ns 


tPLZ 






2.5 


9.5 





switching characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (test mode) (see Note 4 and Figure 14) 









SN54LVTH18245 


SN74LVTH18245 




PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V C C = 3.3 V 
+ 0.3V 


V CC = 2.7V 


VCC = 3.3 V 
±0.3V 


V C C = 2.7V 


UNIT 








MIN MAX 


MIN MAX 


MIN 


MAX 


MIN MAX 




'max 


TCKi 








50 




MHz 


tPLH 


TCKi 


AorB 






2.5 


15 




ns 


tPHL 






2.5 


15 




tPLH 


TCKi 


TDO 






1.5 


7 




ns 


tPHL 






1.5 


7 




IPZH 


TCKi 


AorB 






3 


18 




ns 


tpZL 






3 


18 




IPZH 


TCKi 


TDO 






1.5 


7 




ns 


l PZL 






1.5 


7 




tPHZ 


TCKi 


AorB 






3 


19 




ns 


tPLZ 






3 


19 




tPHZ 


TCKi 


TDO 






1.5 


8 




ns 


tPLZ 






1.5 


8 





NOTE 4: Product preview specifications are design goals only and are subject to change without notice. 
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recommended operating conditions 









SN54LVTH1 82245 


SN74LVTH1 82245 


UNIT 








MIN 


MAX 


MIN 


MAX 


Vrr 


Supply voltags 




2.7 


3.6 


2.7 


3.6 


v 


VlH 

v ln 


High-level input voltage 




2 


2 


v 


V||_ 


Low-level input voltage 




0.8 


0.8 


V 


V| 


Input voltage 




5.5 


5.5 


V 


'oh 


High-level output current 


AportorTDO 


-24 


-32 


mA 


Bport 


-12 


-12 


'OL 


Low-level output current 


A port or TDO 


24 


32 


mA 


Bport 


12 


12 


'OL T 


Low-level output current 


AportorTDO 


48 


64 


mA 


At/Av 


Input transition rise or fall rate 


Outputs enabled 


10 


10 


ns/V 


T A 


Operating free-air temperature 




-55 


125 


-40 


85 


°C 



t Current duty cycle s 50%, f > 1 kHz 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (see Note 4) 



PARAMETER 


TEST CONDITIONS 


SN54LVTH182245 


SN74LVTH1 82245 


UNIT 


MIN TYPt MAX 


MIN TYPt MAX 


VlK 


Vcc = 2.7 V, l| = -18mA 


-1.2 


-1.2 


V 


VOH 


V C c - MIN to MAX*, Iqh = -1 00 jiA 


A port, TDO 


Vcc-0-2 


Vcc-0-2 


V 


V C c = 2.7 V, l 0 H=-3mA 


2.4 


2.4 


V C C = 3V 


Iqh = -8 mA 


2.4 


2.4 


Iqh = -24 mA 


2 




Iqh = -32 mA 




2 


IOH=-12mA 


Bport 


2 


2 


vol 


V C C - 2.7 V 


iOL= 100jiA 


A port, I uu 


0.2 


0.2 


V 


lOL = 24 mA 


0.5 


0.5 


V C C = 3V 


IOL= 16 mA 


0.4 


0.4 


lOL = 32 mA 


0.5 


0.5 


lOL = 4 8 mA 


0.55 




lOL = 64 mA 




0.55 


Iql = 64 mA 


Bport 


0.8 


0.8 


i, 


V C C = 3-6 V, V| = Vcc or GND 


DIR, TCK 


±1 


±1 


nA 


Vcc = 0 or MAX *. v l = 5 - 5 v 


10 


10 


V C C = 3.6 V 


V| = 5.5 V 


OE, TDI, 
TMS 


50 


50 


V| = V CC 


1 


1 


V| = 0 


-25 -100 


-25 -100 


V| = 5.5 V 


A or B ports§ 


20 


20 


V| = V CC 


1 


1 


V| = 0 


-5 


-5 


'off 


V C c = 0, V|OrV O = 0to4.5V 




±100 


MA 


'l(hold) 11 


V C C = 3 V 


V| = 0.8 V 


A or B ports 


75 


75 


HA 


V|=2V 


-75 


-75 


\r\7U 
'UZ.n 


V C C - 3-6 V, V 0 = 3 V 


TDO 


1 


1 


\iA 


'OZL 


Vcc = 3.6 V, Vo = 0.5 V 


TDO 


-1 


-1 


uA 


'ozpu 


Vcc = 0 to 1.5 V, Vo = 0.5Vor3V 


TDO 


±50 


±50 


uA 


'OZPD 


Vcc=1-5VtoO, Vo = 0.5Vor3V 


TDO 


±50 


±50 


HA 


'cc 


V C C = 3.6V,l O = 0, 
V| = Vcc or GND 


Outputs high 


2 


2 


mA 


Outputs low 


35 


35 


Outputs 
disabled 


2 


2 


AICC # 


Vcc = 3 V to 3.6 V, One input at Vcc - 0.6 V, 
Other inputs at Vcc or GND 


0.2 


0.2 


mA 


Cj 


V| = 3Vor0 


4 


4 


PF 


Cj 0 


V 0 = 3VorO 


11 


11 


PF 


Co 


Vo = 3 V or 0 


8 


8 





t All typical values are at Vcc = 3.3 V, T/\ = 25°C. 

$ For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
§ Unused pins at Vcc or GN° 

1f The parameter l|(hold) includes the off-state output leakage current. 

#This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND - 
NOTE 4: Product preview specifications are design goals only and are subject to change without notice. 
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timing requirements over recommended operating free-air temperature range (unless otherwise 
noted) (test mode) (see Note 4 and Figure 14) 





SN54LVTH1 82245 


SN74LVTH 1 82245 


UNIT 


Vcc = 3-3 V 
±0.3V 


Vcc = 2.7 V 


Vcc = 3.3 V 
±0.3V 


V CC = 2.7 V 


MIN MAX 


MIN MAX 


MIN MAX 


MIN MAX 


'clock Clock frequency 


TCK 






0 50 




MHz 


t w Pulse duration 


TCK high or low 






9.5 




ns 


t su Setup time 


A, B, DIR, or OE before TCKT 






6.5 




ns 


TDI before TCK? 






2.5 




TMS before TCKT 






2.5 




t n Hold time 


A, B, DIR, or OE after TCKT 






1.5 




ns 


TDI after TCK? 






1.5 




TMS after TCKt 






1.5 




td Delay time 


Power up to TCKT 






50 




ns 


t r Rise time 


Vcc power up 






1 




us 



NOTE 4: Product preview specifications are design goals only and are subject to change without notice. 
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switching characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (normal mode) (see Note 4 and Figure 14) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


SN54LVTH1 82245 


SN74LVTH1 82245 


UNIT 


V C C = 3.3 V 
+ 0.3V 


V CC = 2.7 V 


V C C = 3.3 V 
±0.3V 


V C C = 2.7V 


MIN MAX 


MIN MAX 


MIN MAX 


MIN MAX 


tPLH 


AorB 


BorA 






1.5 6.5 




ns 


tPHL 






1.5 6.5 




IPZH 


OE 


BorA 






2 10 




ns 


l PZL 






2 10 




tPHZ 


OE 


BorA 






2.5 11.5 




ns 


tPLZ 






2.5 10.5 





switching characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (test mode) (see Note 4 and Figure 14) 









SN54LVTH1 82245 


SN74LVTH1 82245 




PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V C C = 3.3 V 
+ 0.3V 


V C C = 2.7 V 


V C C = 3.3 V 
±0.3V 


V C C = 2.7V 


UNIT 








MIN MAX 


MIN MAX 


MIN 


MAX 


MIN MAX 




'max 


TCKi 








50 




MHz 


*PLH 


TCKJ- 


AorB 






2.5 


15 




ns 


tPHL 






2.5 


15 




tPLH 


TCK4- 


TDO 






1.5 


7 




ns 


tPHL 






1.5 


7 




tpZH 


TCK4- 


AorB 






3 


18 




ns 


IPZL 






3 18 




tpZH 


TCK-l 


TDO 






1.5 


7 




ns 


tpZL 






1.5 


7 




tPHZ 


TCK4- 


A or B 






3 


19 




ns 


tPLZ 






3 


19 




tPHZ 


TCKJ, 


TDO 






1.5 8 




ns 


l PLZ 






1.5 8 





NOTE 4: Product preview specifications are design goals only and are subject to change without notice. 
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C|_ = 50 pF 
(see Note A) 



SN54LVTH18245, SN54LVTH 182245, SN74LVTH18245, SN74LVTH 182245 

3.3-V ABT SCAN TEST DEVICES 
WITH 18-BIT BUS TRANSCEIVERS 

SCBS161C- AUGUST 1993 - REVISED JULY 1996 

PARAMETER MEASUREMENT INFORMATION 

_ 6V 



500 n 

-AW- 



500 Q 



O Open 
9 GND 



TEST 


S1 


tpLH'tPHL 
tPLZ'tPZL 
tPHZ'tPZH 


Open 
6V 
GND 



LOAD CIRCUIT 



Input 1.5 



VOLTAGE WAVEFORMS 
PULSE DURATION 



2.7 V 



0V 



Timing Input 



Data Input 



th 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



2.7 V 
0V 



2.7 V 



Input 



Output 



Output 



2.7 V 
0V 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output 
Control 



Output 
Waveform 1 
S1 at 6 V 
(see Note B) 

Output 
Waveform 2 
S1 at GND 
(see Note B) 



~~ > 5v X 17 



tpzL ->] N— 



j tpLZ -*J (4- 



\l.5V \/ 

\ / VpL+_0-3V 

I | *phz -H W- 

IPZH -*| |4- j 



2.7 V 
0V 

3V 

vol 



V O H-0.3V V ° H 

— » ov 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. C|_ includes probe and jig capacitance. 

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

C. All input pulses are supplied by generators having the following characteristics: PRR < 1 0 MHz, Zq = 50 fi, t r < 2.5 ns, tf < 2.5 ns. 

D. The outputs are measured one at a time with one transition per measurement. 



Figure 14. Load Circuit and Voltage Waveforms 
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Members of the Texas Instruments 
SCOPE™ Family of Testability Products 
Members of the Texas Instruments 
Wldebus™ Family 

State-of-the-Art 3.3-V ABT Design Supports 
Mixed-Mode Signal Operation (5-V Input 
and Output Voltages With 3.3-V V cc ) 

Support Unregulated Battery Operation 
Down to 2.7 V 

1/B7™ (Universal Bus Transceiver) 
Combines D-Type Latches and D-Type 
Flip-Flops for Operation in Transparent, 
Latched, or Clocked Mode 
Bus Hold on Data Inputs Eliminates the 
Need for External Pullup Resistors 
B-Port Outputs of 'LVTH182512 Devices 
Have Equivalent Series Resistors, So 
No External Resistors Are Required 
Compatible With the IEEE Standard 
1149.1-1990 (JTAG) Test Access Port and 
Boundary-Scan Architecture 
SCOPE™ Instruction Set 

- IEEE Standard 1149.1-1990 Required 
Instructions and Optional CLAMP and 
HIGHZ 

- Parallel-Signature Analysis at Inputs 

- Pseudo-Random Pattern Generation 
From Outputs 

- Sample Inputs/Toggle Outputs 

- Binary Count From Outputs 

- Device Identification 

- Even-Parity Opcodes 

Packaged in 64-Pin Plastic Thin Shrink 
Small Outline (DGG) and 64-Pin Ceramic 
Dual Flat (HKC) Packages Using 0.5-mm 
Center-to-Center Spacings 



SN54LVTH18512, SN54LVTH182512 . 
SN74LVTH18512, SN74LVTH182512 . 

(TOP VIEW) 



. HKC PACKAGE 
DGG PACKAGE 



description 



1CLKBA 


[ 


— u 

1 w 


64 


] 1CLKAB 


1LEBA 


[ 


2 


63 


] 1LEAB 


10EBA 


[ 


3 


62 


] 10EAB 


1B1 


[ 


4 


61 


] 1A1 


1B2 


[ 


5 


60 


] 1A2 


GND 


[ 


6 


59 


] GND 


1B3 


[ 




58 


] 1A3 


1B4 


[ 


8 


57 


] 1A4 


v C c 


[ 


9 


56 


]v C c 


1B5 


[ 


10 


55 


] 1A5 


1B6 


[ 


11 


54 


] 1A6 


GND 


[ 


12 


53 


] GND 


1B7 


[ 


13 


52 


] 1A7 


1B8 


[ 


14 


51 


] 1A8 


1B9 


[ 


15 


50 


] 1A9 


2B1 


[ 


16 


49 


]2A1 


2B2 


[ 


17 


48 


] 2A2 


2B3 


[ 


18 


47 


]2A3 


2B4 


[ 


19 


46 


]2A4 


GND 


[ 


20 


45 


] GND 


2B5 


[ 


21 


44 


]2A5 


2B6 


[ 


22 


43 


] 2A6 


2B7 


[ 


23 


42 


]2A7 


v C c 


[ 


24 


41 


]v cc 


2B8 


[ 


25 


40 


]2A8 


2B9 


[ 


26 


39 


]2A9 


GND 


[ 


27 


38 


] GND 


20EBA 


[ 


28 


37 


] 20EAB 


2LEBA 


[ 


29 


36 


] 2LEAB 


2CLKBA 


[ 


30 


35 


] 2CLKAB 


TDO 


[ 


31 


34 


]TDI 


TMS 


[ 


32 


33 


]TCK 



The 'LVTH18512 and 'LVTH182512 scan test devices with 18-bit universal bus transceivers are members of 
the Texas Instruments SCOPE™ testability integrated-circuit family. This family of devices supports IEEE 
Standard 1 1 49. 1 -1 990 boundary scan to facilitate testing of complex circuit-board assemblies. Scan access to 
the test circuitry is accomplished via the 4-wire test access port (TAP) interface. 

Additionally, these devices are designed specifically for low-voltage (3.3-V) Vcc operation, but with the 
capability to provide a TTL interface to a 5-V system environment. 



^COPE^idebus^ancKJBT^r^raden^^ 



PRODUCT PREVIEW Information concerns products In the formative or — . Copyright © 1 996, Texas Instruments Incorporated 

design phase ot development Characteristic data and other 
specifications are design goals. Texas Instruments reserves the right to 
change or discontinue these products without notice. 
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description (continued) 

In the normal mode, these devices are 1 8-bit universal bus transceivers that combine D-type latches and D-type 
flip-flops to allow data flow in transparent, latched, or clocked modes. They can be used either as two 9-bit 
transceivers or one 1 8-bit transceiver. The test circuitry can be activated by the TAP to take snapshot samples 
of the data appearing at the device pins or to perform a self test on the boundary-test cells. Activating the TAP 
in the normal mode does not affect the functional operation of the SCOPE™ universal bus transceivers. 

Data flow in each direction is controlled by output-enable (OEAB and OEBA), latch-enable (LEAB and LEBA), 
and clock (CLKAB and CLKBA) inputs. For A-to-B data flow, the devices operate in the transparent mode when 
LEAB is high. When LEAB is low, the A-bus data is latched while CLKAB is held at a static low or high logic level. 
Otherwise, if LEAB is low, A -bus da ta is stored on a low-to-high transition of CLKAB. When OEAB is low, the 
B outputs are active. When OEAB is hi gh, the B outputs are in the high-impedance state. B-to-A data flow is 
similar to A-to-B data flow but uses the OEBA, LEBA, and CLKBA inputs. 

In the test mode, the normal operation of the SCOPE™ universal bus transceivers is inhibited, and the test 
circuitry is enabled to observe and control the I/O boundary of the device. When enabled, the test circuitry 
performs boundary-scan test operations according to the protocol described in IEEE Standard 1149.1-1990. 

Four dedicated test pins are used to observe and control the operation of the test circuitry: test data input (TDI), 
test data output (TDO), test mode select (TMS), and test clock (TCK). Additionally, the test circuitry performs 
other testing functions such as parallel-signature analysis (PSA) on data inputs and pseudo-random pattern 
generation (PRPG) from data outputs. All testing and scan operations are synchronized to the TAP interface. 

Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logic level. 

The B-port outputs of 'LVTH182512, which are designed to source or sink up to 12 mA, include 25-Q series 
resistors to reduce overshoot and undershoot. 

The SN74LVTH18512 and SN74LVTH182512 are available in TPs thin shrink small-outline package, which 
provides twice the I/O pin count and functionality of the standard small-outline packages in the same 
printed-circuit-board area. 

The SN54LVTH1 851 2 and SN54LVTH1 8251 2 are characterized for operation over the full military temperature 
range of-55°C to 125°C. The SN74LVTH18512 and SN74LVTH1 82512 are characterized for operation from 
-40°C to 85°C. 



FUNCTION TABLET 
(normal mode, each register) 



INPUTS 


OUTPUT 


OEAB 


LEAB 


CLKAB 


A 


B 


L 


L 


L 


X 


Bfj* 


L 


L 


T 


L 


L 


L 


L 


T 


H 


H 


L 


H 


X 


L 


L 


L 


H 


X 


H 


H 


H 


X 


X 


X 


Z 



t A-to-B d ata flow is shown. B-to-A data flow is similar 
but uses OEBA, LEBA, and CLKBA. 



conditions were established 
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functional block diagram 
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Terminal Functions 


TERMINAL NAME 


DESCRIPTION 


1A1-1A9, 
2A1— 2A9 


Normal-function A-bus I/O ports. See function table for normal-mode logic. 


1B1-1B9, 
2B1— 2B9 


Normal-function B-bus I/O ports. See function table for normal-mode logic. 


1 CLKAB, 1CLKBA, 
OCA KAR OCA KRA 


Normal-function clock inputs. See function table for normal-mode logic. 


GND 


Ground 


1LEAB, 1LEBA, 
2LEAB, 2LEBA 


Normal-function latch enables. See function table for normal-mode logic. 


10EAB, 10EBA, 
20EAB, 20EBA 


Normal-function output enables. See function table for normal-mode logic. An internal pullup at each terminal forces the 
terminal to a high level if left unconnected. 


TCK 


Test clock. One of fourterminals required by IEEE Standard 1 1 49.1-1 990. Test operations of the device are synchronous 
to TCK. Data is captured on the rising edge of TCK and outputs change on the falling edge of TCK. 


TDI 


Test data input. One of four terminals required by IEEE Standard 1149.1-1990. TDI is the serial input for shifting data 
through the instruction register or selected data register. An internal pullup forces TDI to a high level if left unconnected. 


TDO 


Test data output. One of four terminals required by IEEE Standard 1 1 49. 1 -1 990. TDO is the serial output for shifting data 
through the instruction register or selected data register. 


TMS 


Test mode select. One of four terminals required by I EEE Standard 1 1 49. 1 -1 990. TMS directs the device through its TAP 
controller states. An internal pullup forces TMS to a high level if left unconnected. 


vcc 


Supply voltage 
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test architecture 

Serial-test information is conveyed by means of a 4-wire test bus or TAP, that conforms to IEEE Standard 
1149.1-1990. Test instructions, test data, and test control signals all are passed along this serial-test bus. The 
TAP controller monitors two signals from the test bus, TCK and TMS. The TAP controller extracts the 
synchronization (TCK) and state control (TMS) signals from the test bus and generates the appropriate on-chip 
control signals for the test structures in the device. Figure 1 shows the TAP-controller state diagram. 

The TAP controller is fully synchronous to the TCK signal. Input data is captured on the rising edge of TCK and 
output data changes on the falling edge of TCK. This scheme ensures data to be captured is valid for fully 
one-half of the TCK cycle. 

The functional block diagram shows the IEEE Standard 1149.1-1990 4-wire test bus and boundary-scan 
architecture and the relationship among the test bus, the TAP controller, and the test registers. As shown, the 
device contains an 8-bit instruction register and four test-data registers: a 48-bit boundary-scan register, a 3-bit 
boundary-control register, a 1-bit bypass register, and a 32-bit device identification register. 



TMS = H 



TMS = L 




Figure 1. TAP-Controller State Diagram 
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state diagram description 

The TAP controller is a synchronous finite state machine that provides test control signals throughout the device. 
The state diagram shown in Figure 1 is in accordance with IEEE Standard 1149.1-1990. The TAP controller 
proceeds through its states based on the level of TMS at the rising edge of TCK. 

As shown, the TAP controller consists of 16 states. There are six stable states (indicated by a looping arrow in 
the state diagram) and ten unstable states. A stable state is a state the TAP controller can retain for consecutive 
TCK cycles. Any state that does not meet this criterion is an unstable state. 

There are two main paths through the state diagram: one to access and control the selected data register and 
one to access and control the instruction register. Only one register can be accessed at a time. 

Test-Logic-Reset 

The device powers up in the Test-Logic-Reset state. In the stable Test-Logic-Reset state, the test logic is reset 
and is disabled so that the normal logic function of the device is performed. The instruction register is reset to 
an opcode that selects the optional IDCODE instruction, if supported, or the BYPASS instruction. Certain data 
registers can also be reset to their power-up values. 

The state machine is constructed such that the TAP controller returns to the Test-Logic-Reset state in no more 
than five TCK cycles if TMS is left high. The TMS pin has an internal pullup resistor that forces it high if left 
unconnected or if a board defect causes it to be open circuited. 

For the 'LVTH18512 and 'LVTH182512, the instruction register is reset to the binary value 10000001, which 
selects the IDCODE instruction. Bits 47-44 in the boundary-scan register are reset to logic 1 , ensuring that 
these cells, which control A-port and B-port outputs, are set to benign values (i.e., if test mode were invoked 
the outputs would be at the high-impedance state). Reset-value of other bits in the boundary-scan register 
should be considered indeterminate. The boundary-control register is reset to the binary value 010, which 
selects the PSA test operation. 

Run-Test/Idle 

The TAP controller must pass through the Run-Test/Idle state (from Test-Logic-Reset) before executing any test 
operations. The Run-Test/Idle state also can be entered following data-register or instruction-register scans. 
Run-Test/ldle is a stable state in which the test logic can be actively running a test or can be idle. The test 
operations selected by the boundary-control register are performed while the TAP controller is in the 
Run-Test/ldle state. 

Select-DR-Scan, Select-IR-Scan 

No specific function is performed in the Select-DR-Scan and Select-IR-Scan states, and the TAP controller exits 
either of these states on the next TCK cycle. These states allow the selection of either data-register scan or 
instruction-register scan. 

Capture-DR 

When a data-register scan is selected, the TAP controller must pass through the Capture-DR state. In the 
Capture-DR state, the selected data register captures a data value as specified by the current instruction. Such 
capture operations occur on the rising edge of TCK, upon which the TAP controller exits the Capture-DR state. 
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Shift-DR 

Upon entry to the Shift-DR state, the data register is placed in the scan path between TDI and TDO, and on the 
first falling edge of TCK, TDO goes from the high-impedance state to an active state. TDO enables to the logic 
level present in the least-significant bit of the selected data register. 

While in the stable Shift-DR state, data is serially shifted through the selected data register on each TCK cycle. 
The first shift occurs on the first rising edge of TCK after entry to the Shift-DR state (i.e., no shifting occurs during 
the TCK cycle in which the TAP controller changes from Capture-DR to Shift-DR or from Exit2-DR to Shift-DR). 
The last shift occurs on the rising edge of TCK, upon which the TAP controller exits the Shift-DR state. 

Exitl-DR, Exit2-DR 

The Exit1-DR and Exit2-DR states are temporary states that end a data-register scan. It is possible to return 
to the Shift-DR state from either Exit1-DR or Exit2-DR without recapturing the data register. On the first falling 
edge of TCK after entry to Exit1-DR, TDO goes from the active state to the high-impedance state. 

Pause-DR 

No specific function is performed in the stable Pause-DR state, in which the TAP controller can remain 
indefinitely. The Pause-DR state suspends and resumes data-register scan operations without loss of data. 

Update-DR 

If the current instruction calls for the selected data register to be updated with current data, such update occurs 
on the falling edge of TCK, following entry to the Update-DR state. 

Capture-IR 

When an instruction-register scan is selected, the TAP controller must pass through the Capture-IR state. In 
the Capture-IR state, the instruction register captures its current status value. This capture operation occurs 
on the rising edge of TCK, upon which the TAP controller exits the Capture-IR state. For the 'LVTH18512 and 
'LVTH182512, the status value loaded in the Capture-IR state is the fixed binary value 10000001. 

Shift-IR 

Upon entry to the Shift-IR state, the instruction register is placed in the scan path between TDI and TDO. On 
the first falling edge of TCK, TDO goes from the high-impedance state to the active state. TDO enables to the 
logic level present in the least-significant bit of the instruction register. 

While in the stable Shift-IR state, instruction data is serially shifted through the instruction register on each TCK 
cycle. The first shift occurs on the first rising edge of TCK after entry to the Shift-IR state (i.e., no shifting occurs 
during the TCK cycle in which the TAP controller changes from Capture-IR to Shift-IR or from Exit2-IR to 
Shift-IR). The last shift occurs on the rising edge of TCK, upon which the TAP controller exits the Shift-IR state. 

ExitMR, Exit2-IR 

The Exit1-IR and Exit2-IR states are temporary states that end an instruction-register scan. It is possible to 
return to the Shift-IR state from either Exit1-IR or Exit2-IR without recapturing the instruction register. On the 
first falling edge of TCK after entry to Exit1-IR, TDO goes from the active state to the high-impedance state. 

Pause-IR 

No specific function is performed in the stable Pause-IR state, in which the TAP controller can remain 
indefinitely. The Pause-IR state suspends and resumes instruction-register scan operations without loss 
of data. 

Update-IR 

The current instruction is updated and takes effect on the falling edge of TCK, following entry to the 
Update-IR state. 
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register overview 

With the exception of the bypass and device-identification registers, any test register can be thought of as a 
serial shift register with a shadow latch on each bit. The bypass and device-identification registers differ in that 
they contain only a shift register. During the appropriate capture state (Capture-IR for instruction register, 
Capture-DR for data registers), the shift register can be parallel loaded from a source specified by the current 
instruction. During the appropriate shift state (Shift-IR or Shift-DR), the contents of the shift register are shifted 
out from TDO while new contents are shifted in at TDI. During the appropriate update state (Update-IR or 
Update-DR), the shadow latches are updated from the shift register. 

instruction register description 

The instruction register (IR) is eight bits long and tells the device what instruction is to be executed. Information 
contained in the instruction includes the mode of operation (either normal mode, in which the device performs 
its normal logic function, or test mode, in which the normal logic function is inhibited or altered), the test operation 
to be performed, which of the four data registers is to be selected for inclusion in the scan path during 
data-register scans, and the source of data to be captured into the selected data register during Capture-DR. 

Table 3 lists the instructions supported by the 'LVTH1 851 2 and 'LVTH1 8251 2. The even-parity feature specified 
for SCOPE™ devices is supported in this device. Bit 7 of the instruction opcode is the parity bit. Any instructions 
that are defined for SCOPE™ devices but are not supported by this device default to BYPASS. 

During Capture-IR, the IR captures the binary value 1 0000001 . As an instruction is shifted in, this value is shifted 
out via TDO and can be inspected as verification that the IR is in the scan path. During Update-IR, the value 
that has been shifted into the IR is loaded into shadow latches. At this time, the current instruction is updated 
and any specified mode change takes effect. At power up or in the Test-Logic-Reset state, the IR is reset to the 
binary value 1 0000001 , which selects the IDCODE instruction. The IR order of scan is shown in Figure 2. 
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Figure 2. Instruction Register Order of Scan 
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data register description 
boundary-scan register 

The boundary-scan register (BSR) is 48 bits long. It contains one boundary-scan cell (BSC) for each 
normal-function input pin and one BSC for each normal-function I/O pin (one single cell for both input data and 
output data). The BSR is used 1) to store test data that is to be applied externally to the device output pins, 
and/or 2) to capture data that appears internally at the outputs of the normal on-chip logic and/or externally at 
the device input pins. 

The source of data to be captured into the BSR during Capture-DR is determined by the current instruction. The 
contents of the BSR can change during Run-Test/ldle as determined by the current instruction. At power up or 
in Test-Logic-Reset, BSCs 47-44 are reset to logic 1 , ensuring that these cells, which control A-port and B-port 
outputs are set to benign values (i.e., if test mode were invoked, the outputs would be at the high-impedance 
state). Reset values of other BSCs should be considered indeterminate. 

The BSR order of scan is from TDI through bits 47-0 to TDO. Table 1 shows the BSR bits and their associated 
device pin signals. 



Table 1. Boundary-Scan Register Configuration 



BSR BIT 
NUMBER 


DEVICE 
SIGNAL 


BSR BIT 
NUMBER 


DEVICE 
SIGNAL 


BSR BIT 
NUMBER 


DEVICE 
SIGNAL 


47 


20EAB 


35 


2A9-I/0 


17 


2B9-I/0 


46 
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34 


2A8-I/0 


16 


2B8-I/0 


45 


20EBA 
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2A7-I/0 


15 


2B7-I/0 


44 


10EBA 


32 


2A6-I/0 


14 


2B6-I/0 


43 


2CLKAB 


31 


2A5-I/0 


13 


2B5-I/0 


42 


1CLKAB 


30 


2A4-I/0 


12 


2B4-I/0 


41 


2CLKBA 


29 


2A3-I/0 


11 


2B3-I/0 


40 


1CLKBA 


28 


2A2-I/0 


10 


2B2-I/0 


39 


2LEAB 


27 


2A1-I/0 


9 


2B1-I/0 


38 


1LEAB 


26 


1A9-I/0 


8 


1B9-I/0 


37 


2LEBA 


25 


1A8-I/0 


7 


1B8-I/0 


36 


1LEBA 


24 


1A7-I/0 


6 


1B7-I/0 






23 


1A6-I/0 


5 


1B6-I/0 






22 


1A5-I/0 


4 


1B5-I/0 






21 


1A4-I/0 


3 


1B4-I/0 






20 


1A3-I/0 


2 


1B3-I/0 






19 


1A2-I/0 


1 . 


1B2-I/0 






18 


1A1-I/0 


0 


1B1-I/0 
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boundary-control register 

The boundary-control register (BCR) is three bits long. The BCR is used in the context of the boundary-run test 
(RUNT) instruction to implement additional test operations not included in the basic SCOPE™ instruction set. 
Such operations include PRPG, PSA, and binary count up (COUNT). Table 4 shows the test operations that 
are decoded by the BCR. 

During Capture-DR, the contents of the BCR are not changed. At power up or in Test-Logic-Reset, the BCR is 
reset to the binary value 01 0, which selects the PSA test operation. The BCR order of scan is shown in Figure 3. 



TDI 
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Bit 1 
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Figure 3. Boundary-Control Register Order of Scan 
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bypass register 

The bypass register is a 1-bit scan path that can be selected to shorten the length of the system scan path, 
reducing the number of bits per test pattern that must be applied to complete a test operation. During 
Capture-DR, the bypass register captures a logic 0. The bypass register order of scan is shown in Figure 4. 



► TDO 




Figure 4. Bypass Register Order of Scan 
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device-identification register 

The device-identification register (IDR) is 32 bits long. It can be selected and read to identify the manufacturer, 
part number, and version of this device. 

For the 'LVTH18512, the binary value 00000000000000111011000000101111 (0003B02F, hex) is captured 
(during Capture-DR state) in the IDR to identify this device as Texas Instruments SN54/74LVTH18512. 

For the 'LVTH182512, the binary value 00000000000000111100000000101111 (0003C02F, hex) is captured 
(during Capture-DR state) in the device-identification register to identify this device as Texas Instruments 
SN54/74LVTH182512. 

The IDR order of scan is from TDI through bits 31-0 to TDO. Table 2 shows the IDR bits and their significance. 



Table 2. Device-Identification Register Configuration 



IDR BIT 
NUMBER 


IDENTIFICATION 
SIGNIFICANCE 


IDR BIT 
NUMBER 


IDENTIFICATION 
SIGNIFICANCE 


IDR BIT 
NUMBER 


IDENTIFICATION 
SIGNIFICANCE 


31 


VERSION3 


27 


PARTNUMBER15 


11 


MANUFACTURER^ 


30 


VERSION2 


26 


PARTNUMBER14 


10 


MANUFACTURER09T 


29 


VERSION1 


25 


PARTNUMBER13 


9 


MANUFACTURER08T 


28 


VERSION0 


24 


PARTNUMBER12 


8 


MANUFACTURER07T 






23 


PARTNUMBER11 


7 


MANUFACTURER06T 






22 


PARTNUMBER10 


6 


MANUFACTURER05T 






21 


PARTNUMBER09 


5 


MANUFACTURER04T 






20 


PARTNUMBER08 


4 


MANUFACTURER03T 






19 


PARTNUMBER07 


3 


MANUFACTURER02t 






18 


PARTNUMBER06 


2 


MANUFACTURERS t 






17 


PARTNUMBER05 


1 


MANUFACTUREROOt 






16 


PARTNUMBER04 


0 


LOGIC1T 






15 


PARTNUMBER03 










14 


PARTNUMBER02 










13 


PARTNUMBER01 










12 


PARTNUMBER00 







TNote that for Tl products, bits 11-0 of the device-identification register always contain the binary value 000000101111 



(02F, hex). 
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instruction-register opcode description 

The instruction-register opcodes are shown in Table 3. The following descriptions detail the operation of 
each instruction. 



Table 3. Instruction-Register Opcodes 



BINARY CODEt 
BIT 7 -» BIT 0 

linn | An 

MSB — > LSB 


SCOPE OPCODE 


DESCRIPTION 


SELECTED DATA 
uclcw i i ft 

REGISTER 


MODE 


00000000 


EXTEST 


Boundary scan 


Boundary scan 


Test 


10000001 


IDCODE 


Identification read 


Device identification 


Normal 


10000010 


SAMPLt/rncLUAD 


Sample boundary 


Boundary scan 


Normal 


00000011 


n\/nA C*0 + 

BYPASS+ 


Bypass scan 


Bypass 


Normal 


1 fin n in nfi 
I UUUU I uu 


D T rnOO+ 


Bypass scan 


Bypass 


Normal 


00000101 


BYPASS* 


Bypass scan 


Bypass 


Normal 


00000110 


HIGHZ 


Control boundary to high impedance 


Bypass 


Modified test 


10000111 


CLAMP 


Control boundary to 1/0 


Bypass 


Test 


10001000 


BYPASS* 


Bypass scan 


Bypass 


Normal 


00001001 


RUNT 


Boundary-run test 


Bypass 


Test 


00001010 


READBN 


Boundary read 


Boundary scan 


Normal 


10001011 


READBT 


Boundary read 


Boundary scan 


Test 


00001100 


CELLTST 


Boundary self test 


Boundary scan 


Normal 


10001101 


TOPHIP 


Boundary toggle outputs 


Bypass 


Test 


10001110 


SCANCN 


Boundary-control register scan 


Boundary control 


Normal 


00001111 


SCANCT 


Boundary-control register scan 


Boundary control 


Test 


All others 


BYPASS 


Bypass scan 


Bypass 


Normal 



t Bit 7 is used to maintain even parity in the 8-bit instruction. 

*The BYPASS instruction is executed in lieu of a SCOPE™ instruction that is not supported in the 'LVTH18512 or 'LVTH182512. 



boundary scan 

This instruction conforms to the IEEE Standard 1149.1-1990 EXTEST instruction. The BSR is selected in the 
scan path. Data appearing at the device input and I/O pins is captured in the associated BSCs. Data that has 
been scanned into the I/O BSCs for pins in the output mode is applied to the device I/O pins. Data present at 
the device pins, except for output enables, is passed through the BSCs to the normal on-chip logic. For I/O pins, 
the operation of a pin as input or output is determined by the contents of the output-enable BSCs (bits 47-44 
of the BSR). When a given output enable is active (logic 0), the associated I/O pins operate in the output mode. 
Otherwise, the I/O pins operate in the input mode. The device operates in the test mode. 

identification read 

This instruction conforms to the IEEE Standard 1149.1-1990 IDCODE instruction. The IDR is selected in the 
scan path. The device operates in the normal mode. 

sample boundary 

This instruction conforms to the IEEE Standard 1149.1-1990 SAMPLE/PRELOAD instruction. The BSR is 
selected in the scan path. Data appearing at the device input pins and I/O pins in the input mode is captured 
in the associated BSCs, while data appearing at the outputs of the normal on-chip logic is captured in the BSCs 
associated with I/O pins in the output mode. The device operates in the normal mode. 
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bypass scan 

This instruction conforms to the IEEE Standard 1149.1-1990 BYPASS instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. The device 
operates in the normal mode. 

control boundary to high impedance 

This instruction conforms to the IEEE Standard 11 49.1 a-1 993 HIGHZ instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. The device 
operates in a modified test mode in which all device I/O pins are placed in the high-impedance state, the device 
input pins remain operational, and the normal on-chip logic function is performed. 

control boundary to 1/0 

This instruction conforms to the IEEE Standard 1149.1a-1993 CLAMP instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. Data in the I/O 
BSCs for pins in the output mode is applied to the device I/O pins. The device operates in the test mode. 

boundary-run test 

The bypass register is selected in the scan path. A logic 0 value is captured in the bypass register during 
Capture-DR. The device operates in the test mode. The test operation specified in the BCR is executed during 
Run-Test/Idle. The five test operations decoded by the BCR are: sample inputs/toggle outputs (TOPSIP), 
PRPG, PSA, simultaneous PSA and PRPG (PSA/PRPG), and simultaneous PSA and binary count up 
(PSA/COUNT). 

boundary read 

The BSR is selected in the scan path. The value in the BSR remains unchanged during Capture-DR. This 
instruction is useful for inspecting data after a PSA operation. 

boundary self test 

The BSR is selected in the scan path. All BSCs capture the inverse of their current values during Capture-DR. 
In this way, the contents of the shadow latches can be read out to verify the integrity of both shift-register and 
shadow-latch elements of the BSR. The device operates in the normal mode. 

boundary toggle outputs 

The bypass register is selected in the scan path. A logic 0 value is captured in the bypass register during 
Capture-DR. Data in the shift-register elements of the selected output-mode BSCs is toggled on each rising 
edge of TCK in Run-Test/Idle and is then updated in the shadow latches and thereby applied to the associated 
device I/O pins on each falling edge of TCK in Run-Test/ldle. Data in the input-mode BSCs remains constant. 
Data appearing at the device input or I/O pins is not captured in the input-mode BSCs. The device operates in 
the test mode. 

boundary-control-register scan 

The BCR is selected in the scan path. The value in the BCR remains unchanged during Capture-DR. This 
operation must be performed before a boundary-run test operation to specify which test operation is to 
be executed. 



Texas 
Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 



6-49 



SN54LVTH18512, SN54LVTH182512, SN74LVTH18512, SN74LVTH182512 

3.3-V ABT SCAN TEST DEVICES 

WITH 18-BIT UNIVERSAL BUS TRANSCEIVERS 

SCBS671 -AUGUST 1996 



boundary-control-register opcode description 

The BCR opcodes are decoded from BCR bits 2-0 as shown in Table 4. The selected test operation is performed 
while the RUNT instruction is executed in the Run-Test/ldle state. The following descriptions detail the operation 
of each BCR instruction and illustrate the associated PSA and PRPG algorithms. 



Table 4. Boundary-Control Register Opcodes 



BINARY CODE 
BIT 2 -» BIT 0 
MSB -> LSB 


DESCRIPTION 


XOO 


Sample inputs/toggle outputs (TOPSIP) 


X01 


Pseudo-random pattern generation/36-bit mode (PRPG) 


X10 


Parallel-signature analysis/36-bit mode (PSA) 


011 


Simultaneous PSA and PRPG/1 8-bit mode (PSA/PRPG) 


111 


Simultaneous PSA and binary count up/1 8-bit mode (PSA/COUNT) 



While the control input BSCs (bits 47-36) are not included in the toggle, PSA, PRPG, or COUNT algorithms, 
the output-enable BSCs (bits 47-44 of the BSR) control the drive state (active or high impedance) of the selected 
device output pins. These BCR in str uctions are o nly vali d w hen bo th bytes of the device are operating in one 
d irection of data flo w (i. e., 10E AB * 10E BA and 20EAB * 20EBA) and in the same direction of data flow (i.e., 
1 0EAB = 20EAB and 1 0EBA = 20EBA). Otherwise, the bypass instruction is operated. 

sample inputs/toggle outputs (TOPSIP) 

Data appearing at the selected device input-mode I/O pins is captured in the shift-register elements of the 
associated BSCs on each rising edge of TCK. Data in the shift-register elements of the selected output-mode 
BSCs is toggled on each rising edge of TCK, updated in the shadow latches, and applied to the associated 
device I/O pins on each falling edge of TCK. 
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pseudo-random pattern generation (PRPG) 

A pseudo-random pattern is generated in the shift-register elements of the selected BSCs on each rising edge 
of TCK, updated in the shadow latches, and applied to the associated device output-mode I/O pins on each 
falling edge of TCK. Figures 5 and 6 show the 36-bit linear-feedback shift-register algorithms through which the 
patterns are generated. An initial seed value should be scanned into the BSR before performing this operation. 
A seed value of all zeroes does not produce additional patterns. 

2A9-I/0 2A8-I/0 2A7-I/0 2A6-I/0 2A5-I/0 2A4-I/0 2A3-I/0 2A2-I/0 2A 1-1/0 



1A9-I/0 1A8-I/0 1A7-I/0 1A6-I/0 1A5-I/0 1A4-I/0 1A3-I/0 1A2-I/0 1A1-I/0 



2B9-I/0 2B8-I/0 2B7-I/0 2B6-I/0 2B5-I/0 2B4-I/0 2B3-I/0 2B2-I/0 2B1-I/0 



©-!> 



1B9-I/0 1B8-I/0 1B7-I/0 1B6-I/0 1B5-I/0 1B4-I/0 1B3-I/0 1B2-I/0 1B1-I/0 



Figure 5. 36-Bit PRPG Configuration (10EAB = 20EAB = 0, 10EBA = 20EBA = 1) 
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Figure 6. 36-Bit PRPG Configuration (10EAB = 20EAB = 1, 10EBA = 20EBA = 0) 
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parallel-signature analysis (PSA) 

Data appearing at the selected device input-mode I/O pins is compressed into a 36-bit parallel signature in the 
shift-register elements of the selected BSCs on each rising edge of TCK. Data in the shadow latches of the 
selected output-mode BSCs remains constant and is applied to the associated device I/O pins. Figures 7 and 8 
show the 36-bit linear-feedback shift-register algorithms through which the signature is generated. An initial 
seed value should be scanned into the BSR before performing this operation. 
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Figure 7. 36-Bit PSA Configuration (10EAB = 20EAB = 0, 10EBA = 20EBA = 1) 
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Figure 8. 36-Bit PSA Configuration (10EAB = 20EAB = 1, 10EBA = 20EBA = 0) 
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simultaneous PSA and PRPG (PSA/PRPG) 

Data appearing at the selected device input-mode I/O pins is compressed into an 18-bit parallel signature in 
the shift-register elements of the selected input-mode BSCs on each rising edge of TCK. At the same time, an 
1 8-bit pseudo-random pattern is generated in the shift-register elements of the selected output-mode BSCs on 
each rising edge of TCK, updated in the shadow latches, and applied to the associated device I/O pins on each 
falling edge of TCK. Figures 9 and 1 0 show the 1 8-bit linear-feedback shift-register algorithms through which 
the signature and patterns are generated. An initial seed value should be scanned into the BSR before 
performing this operation. A seed value of all zeroes does not produce additional patterns. 
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Figure 9. 18-Bit PSA/PRPG Configuration (10EAB = 20EAB = 0, 10EBA = 20EBA = 1) 
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Figure 10. 18-Bit PSA/PRPG Configuration (10EAB = 20EAB = 1, 10EBA = 20EBA = 0) 
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simultaneous PSA and binary count up (PSA/COUNT) 

Data appearing at the selected device input-mode I/O pins is compressed into an 18-bit parallel signature in 
the shift-register elements of the selected input-mode BSCs on each rising edge of TCK. At the same time, an 
1 8-bit binary count-up pattern is generated in the shift-register elements of the selected output-mode BSCs on 
each rising edge of TCK, updated in the shadow latches, and applied to the associated device I/O pins on each 
falling edge of TCK. Figures 1 1 and 1 2 show the 1 8-bit linear-feedback shift-register algorithms through which 
the signature is generated. An initial seed value should be scanned into the BSR before performing 
this operation. 
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Figure 11. 18-Bit PSA/COUNT Configuration (10EAB = 20EAB = 0, 10EBA = 20ElA = 1) 



© 



> 
111 

cc 

Q. 

h- 
O 
D 
O 

o 

cc 

CL 



Texas 
Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 



6-57 



SN54LVTH18512, SN54LVTH182512, SN74LVTH18512, SN74LVTH182512 

3.3-V ABT SCAN TEST DEVICES 

WITH 18-BIT UNIVERSAL BUS TRANSCEIVERS 



SCBS671 - AUGUST 1996 



2B9-I/0 2B8-I/0 2B7-I/0 2 B 6-1/0 2B5-I/0 2B4-I/0 2B3-I/0 2B2-I/0 2B1-I/0 



L 1 1 1 1 1 1 1 J 



e 



,©_©_©_©_»©__© 



© 



.© 



1B9-I/0 1B8-I/0 1B7-I/0 1B6-I/0 1B5-I/0 1B4-I/0 1B3-I/0 1B2-I/0 1B1-I/0 

L i 1 1 1 1 1 i 



,©—© 




© 



„©— © 



© 



© 




.© 



MSB 



O 
a 
c 
o 

H 
■0 

m 
< 

m 



ggggggggg 

2A9-I/0 2A8-I/0 2A7-I/0 2A6-I/0 2A5-I/0 2A4-I/0 2A3-I/0 2A2-I/0 2A1-I/0 

^ggggggggg 

= Jj_y~ 1A9-I/0 1A8-I/0 1A7-I/0 1A6-I/0 1A5-I/0 1A4-I/0 1A3-I/0 1A2-I/0 1AM/0 
Figure 12. 18-Bit PSA/COUNT Configuration (10EAB s 20EAB = 1, 10EBA = 20EBA = 0) 
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timing description 

All test operations of the 'LVTH1 851 2 and 'LVTH1 82512 are synchronous to the TCK signal. Data on the TDI, 
TMS, and normal-function inputs is captured on the rising edge of TCK. Data appears on the TDO and 
normal-function output pins on the falling edge of TCK. The TAP controller is advanced through its states (as 
shown in Figure 1) by changing the value of TMS on the falling edge of TCK and then applying a rising edge 
to TCK. 

A simple timing example is shown in Figure 13. In this example, the TAP controller begins in the 
Test-Logic-Reset state and is advanced through its states, as necessary, to perform one instruction-register 
scan and one data-register scan. While in the Shift-IR and Shift-DR states, TDI is used to input serial data, and 
TDO is used to output serial data. The TAP controller is then returned to the Test-Logic-Reset state. Table 5 
details the operation of the test circuitry during each TCK cycle. 



Table 5. Explanation of Timing Example 



TCK 
CYCLE(S) 


TAP STATE 
AFTER TCK 


DESCRIPTION 


1 


Test-Logic-Reset 


TMS is changed to a logic 0 value on the falling edge of TCK to begin advancing the TAP controller toward 
the desired state. 


2 


Dim "TV, 4 / 1 <-J 1 a 

Hun-iest/iuie 




3 


Select-DR-Scan 




4 






5 


Capture-IR 


The IR captures the 8-bit binary value 10000001 on the rising edge of TCK as the TAP controller exits the 
Capture-IR state. 


6 


Shift-IR 


TDO becomes active and TDI is made valid on the falling edge of TCK. The first bit is shifted into the TAP 
on the rising edge of TCK as the TAP controller advances to the next state. 


7-13 


Shift-IR 


One bit is shifted into the IR on each TCK rising edge. With TDI held at a logic 1 value, the 8-bit binary value 
1 1 1 1 1 1 1 1 is serially scanned into the I R. At the same time, the 8-bit binary value 1 0000001 is serially scanned 
out of the IR via TDO. In TCK cycle 13, TMS is changed to a logic 1 value to end the IR scan on the next 
TCK cycle. The last bit of the instruction is shifted as the TAP controller advances from Shift-IR to Exitl -IR. 


14 


Exit1-IR 


TDO becomes inactive (goes to the high-impedance state) on the falling edge of TCK. 


15 


Update-IR 


The IR is updated with the new instruction (BYPASS) on the falling edge of TCK. 


16 


Select-DR-Scan 




17 


Capture-DR 


The bypass register captures a logic 0 value on the rising edge of TCK as the TAP controller exits the 
Capture-DR state. 


18 


Shift-DR 


TDO becomes active and TDI is made valid on the falling edge of TCK. The first bit is shifted into the TAP 
on the rising edge of TCK as the TAP controller advances to the next state. 


19-20 


Shift-DR 


The binary value 1 01 is shifted in via TDI, while the binary value 01 0 is shifted out via TDO. 


21 


Exit1-DR 


TDO becomes inactive (goes to the high-impedance state) on the falling edge of TCK. 


22 


Update-DR 


The selected data register is updated with the new data on the falling edge of TCK. 


23 


Select-DR-Scan 




24 


Select-IR-Scan 




25 


Test-Logic-Reset 


Test operation completed 
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Figure 13. Timing Example 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, V<x -°- 5 v to 4.6 V 

Input voltage range, V| (see Note 1 ) -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq (see Note 1 ) — -0.5 V to 7 V 

Current into any output in the low state, lo:SN54LVTH 1851 2 96 mA 

SN54LVTH182512 (A port or TDO) 96 mA 

SN54LVTH 18251 2 (B port) 30 mA 

SN74LVTH 18512 128mA 

SN74LVTH182512 (A port or TDO) 128 mA 

SN74LVTH 18251 2 (B port) 30 mA 

Current into any output in the high state, lo (see Note 2): SN54LVTH18512 48 mA 

SN54LVTH1 82512 (A port or TDO) 48 m A 

SN54LVTH 18251 2 (B port) 30 mA 

SN74LVTH18512 64 mA 

SN74LVTH182512 (A port or TDO) 64 mA 

SN74LVTH 18251 2 (B port) 30 mA 

Input clamp current, l|K (V| < 0) -50 mA 

Output clamp current, Iqk (Vo < 0) -50 mA 

Maximum power dissipation at Ta = 55°C (in still air) (see Note 3): DGG package 1 W 

Storage temperature range, T s t g -65°C to 1 50°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1 . The input and output negative-voltage ratings can be exceeded if the input and output clamp-current ratings are observed. 

2. This current only flows when the output is in the high state and Vq > Vrjc- 

3. The maximum package power dissipation is caicuiated using a junction temperature of 1 5CrC and a board trace length of 750 mils. 
For more information, refer to the Package Thermal Considerations application note in the ABT Advanced BiCMOS Technology Data 
Book, literature number SCBD002. 
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recommended operating conditions 







SN54LVTH18512 


SN74LVTH18512 


UNIT 






MIN 


MAX 


MIN 


MAX 


vcc 


Supply voltage 


2.7 


3.6 


2.7 


3.6 


V 


V|H 


High-level input voltage 


2 


2 


V 


V|L 


Low-level input voltage 


0.8 


0.8 


V 


V| 


Input voltage 


5.5 


5.5 


V 


lOH 


High-level output current 


-24 


-32 


mA 


lOL 


Low-level output current 


24 


32 


mA 


IOL+ ' 


Low-level output current 


48 


64 


mA 


At/Av 


Input transition rise or fall rate 


Outputs enabled 


10 


10 


ns/V 


TA 


Operating free-air temperature 


-55 


125 


-40 


85 


°C 



t Current duty cycle < 50%, f > 1 kHz 
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3.3-V ABT SCAN TEST DEVICES 

WITH 18-BIT UNIVERSAL BUS TRANSCEIVERS 

SCBS671 - AUGUST 1996 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (see Note 4) 



PARAMETER 


TEST CONDITIONS 


SN54LVTH18512 


SN74LVTH18512 


UNIT 


MIN TYPt MAX 


MIN TYPt MAX 


V|K 


V C C = 2.7V, l| = -18mA 


-1.2 


-1.2 


V 


V 0 H 


Vcc = MIN to MAX*, Ioh = -1 00 HA 


Vcc-0.2 


VcC-0-2 


V 


V C C = 2-7V, l 0 H = -3mA 


2.4 


2.4 


V C C = 3V 


lOH = -8 mA 


2.4 


2.4 


'OH = -24 mA 


2 




Iqh - -32 mA 




2 


vol 


V C C = 2.7 V 


IOL= 100 nA 


0.2 


0.2 


V 


'OL = 24 mA 


0.5 


0.5 


Vcc = 3 V 


IOL= 16 mA 


0.4 


0.4 


lOL = 32 mA 


0.5 


0.5 


lOL = 48 mA 


0.55 




Iql = 64 mA 




0.55 


ii 


CLK, 
LE, TCK 


Vcc = 3.6 V, V| = VccorGND 


±1 


±1 


HA 


V C c = 0orMAXt, V| = 5.5V 


10 


10 


OE, 

TDl, TMS 


V C C = 3.6 V 


V| = 5.5 V 


5 


5 


V| = V CC 


1 


1 


V| = 0 


-25 -100 


-25 -100 


AorB 
ports§ 


V C C = 3.6 V 


V| = 5.5 V 


20 


20 


V| = V CC 


1 


1 


V| = 0 


-5 


-5 


'off 


Vcc = 0, V| or Vq = 0 to 4.5 V 




±100 


HA 


•l(hold) 11 


AorB 
ports 


V C C = 3V 


V| = 0.8 V 


75 500 


75 150 500 


HA 


V|=2V 


-75 -500 


-75 -150 -500 


'OZH 


TDO 


V C C = 3.6 V, V 0 = 3 V 


1 


1 


HA 


>OZL 


TDO 


Vcc = 3.6 V, Vq = 0.5 V 


-1 


-1 


HA 


'OZPU 


TDO 


VcC = 0to1.5V, Vo = 0.5Vor3V 


±50 


±50 


HA 


'OZPD 


TDO 


Vcc = 1-5V toO, Vo = 0.5Vor3V 


+50 


±50 


\iA 


'cc 


VCC = 3.6 V, 

io-o. 

V| = V C C or GND 


Outputs high 




3 


mA 


Outputs low 




30 


Outputs disabled 




3 


Alcc # 


Vcc = 3 V to 3.6 V, One input at Vcc - 0-6 V, 
Other inputs at Vcc or G ND 


0.5 


0.5 


mA 


Cj 


V| = 3Vor0 


4 


4 


PF 


Cj 0 


Vo = 3 V or 0 


10 


10 


PF 


Co 


Vq = 3 V or 0 


8 


8 


PF 



t All typical values are at Vcc = 3 -3 V, T/\ = 25°C 
$ For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
§ Unused pins at Vcc or G ND 

* The parameter 1 1 (hold) includes the off-state output leakage current. 

#This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or END- 
NOTE 4: Product preview specifications are design goals only and are subject to change without notice. 
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SN54LVTH18512, SN54LVTH182512, SN74LVTH18512, SN74LVTH182512 

3.3-V ABT SCAN TEST DEVICES 
WITH 18-BIT UNIVERSAL BUS TRANSCEIVERS 



timing requirements over recommended operating free-air temperature range (unless otherwise 
noted) (normal mode) (see Note 4 and Figure 14) 





SN54LVTH18512 


SN74LVTH18512 


UNIT 


V C C = 3.3 V 
± 0.3 V 


V C C = 2.7 V 


V C C = 3.3 V 
±0.3 V 


V CC = 2.7 V 


MIN MAX 


MIN MAX 


MIN MAX 


MIN MAX 


'clock Clock frequency 


CLKAB or CLKBA 






0 100 




MHz 


t w Pulse duration 


CLKAB or CLKBA high or low 






4.4 ' 




ns 


LEAB or LEBA high 






3 




t su Setup time 


A before CLKAB? or 
B before CLKBAt 






2.8 




ns 


A before LEABl or 
B before LEBAi 


CLK high 






1.5 




CLK low 






1.6 




t n Hold time 


A after CLKABT or 
B after CLKBAt 






1.4 




ns 


A after LEABi or B after LEBAi 






3.1 





NOTE 4: Product preview specifications are design goals only and are subject to change without notice. 



timing requirements over recommended operating free-air temperature range (unless otherwise 
noted) (test mode) (see Note 4 and Figure 14) 





SN54LVTH18512 


SN74LVTH18512 


UNIT 


V C C = 3.3 V 
±0.3V 


V C c = 2.7 V 


V C C = 3.3V 
±0.3V 


V C C = 2.7V 


MIN MAX 


MIN MAX 


MIN MAX 


MIN MAX 


'clock Clock frequency 


TCK 






0 50 




MHz 


t w Pulse duration 


TCK high or low 






9.5 




ns 


t su Setup time 


A, B, CLK, LE, orOE 
before TCKT 






6.5 




ns 


TDI before TCKT 






2.5 




TMS before TCKT 






2.5 




t n Hold time 


A, B, CLK, LE, or OE after TCKT 






1.5 




ns 


TDI after TCKT 






1.5 




TMS after TCKT 






1.5 




td Delay time 


Power up to TCKT 






50 




ns 


t r Rise time 


Vrjc power up 






1 




US 



NOTE 4: Product preview specifications are design goals only and are subject to change without notice. 
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SN54LVTH18512, SN54LVTH182512, SN74LVTH18512, SN74LVTH182512 

3.3-V ABT SCAN TEST DEVICES 

WITH 18-BIT UNIVERSAL BUS TRANSCEIVERS 

SCBS671 -AUGUST 1996 



switching characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (normal mode) (see Note 4 and Figure 14) 



PARAMETER 
rnnninc i en 


FROM 
(INPUT) 


TO 
(OUTPUT) 


SN54LVTH18512 


SN74LVTH18512 


UNIT 


V C C = 3.3 V 
±0.3V 


w_- .0711 


V C C = 3.3V 
±0.3V 


vec 


MIN MAX 


MIN MAX 


MIN MAX 


MIN MAX 


'max 


CLKAB or CLKBA 








100 




MHz 


tPLH 


AorB 


BorA 






1.5 4.9 




ns 


tPHL 






1.5 4.9 




tPLH 


CLKAB or CLKBA 


BorA 






1.5 5.8 




ns 


tPHL 






1.5 5.8 




tPLH 


LEAB or LEBA 


BorA 






1.5 7.4 




ns 


tPHL 






1.5 5.7 




tpZH 




BorA 






1.5 7.1 




ns 


tpZL 


OEAB or OEBA 






1.5 7.1 




tPHZ 




BorA 






2.5 7.8 




ns 


tPLZ 


OEAB or OEBA 






2.5 7.8 





NOTE 4: Product preview specifications are design goals only and are subject to change without notice. 



switching characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (test mode) (see Note 4 and Figure 14) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


SN54LVTH18512 


SN74LVTH18512 


UNIT 


V C C = 3.3 V 
±0.3V 


V C C = 2.7 V 


V C C = 3.3 V 
±0.3V 


V C C = 2.7V 


MIN MAX 


MIN MAX 


MIN MAX 


MIN MAX 


'max 


TCK 








50 




MHz 


tPLH 


TCKi 


AorB 






2.5 14 




ns 


tPHL 






2.5 14 




tPLH 


TCKi 


TDO 






1 5.5 




ns 


tPHL 






1.5 6.5 




*PZH 


TCK-i 


AorB 






4 17 




ns 


tpZL 






4 17 




tpZH 


TCKl 


TDO 






1 5.5 




ns 


IPZL 






1.5 5.5 




tPHZ 


TCKi 


AorB 






4 18 




ns 


*PLZ 






4 17 




tPHZ 


TCKi 


TDO 






1.5 7 




ns 


tPLZ 






1.5 7 





NOTE 4: Product preview specifications are design goals only and are subject to change without notice. 
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SN54LVTH18512, SN54LVTH182512, SN74LVTH18512, SN74LVTH182512 

3.3-V ABT SCAN TEST DEVICES 
WITH 18-BIT UNIVERSAL BUS TRANSCEIVERS 

SCBS671 -AUGUST 1996 



recommended operating conditions 









SN54LVTH182512 


SN74LVTH182512 


UNIT 








MIN 


MAX 


MIN 


MAX 


v C c 


Supply voltage 




2.7 


3.6 


2.7 


3.6 


V 


V|H 


High-level input voltage 




2 


2 


V 


V|L 


Low-level input voltage 




0.8 


0.8 


V 


V| 


Input voltage 




5.5 


5.5 


V 


lOH 


High-level output current 


A port, TDO 


-24 


-32 


mA 


Bport 


-12 


-12 


lOL 


Low-level output current 


A port, TDO 


24 


32 


mA 


Bport 


12 


12 


lOL 1 " 


Low-level output current 


A port, TDO 


48 


64 


mA 


At/Av 


Input transition rise or fall rate 


Outputs enabled 


10 


10 


ns/V 


TA 


Operating free-air temperature 




-55 


125 


-40 


85 


°C 



t Current duty cycle < 50%, f > 1 kHz 



fl? Texas 
Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 6-65 
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3.3-V ABT SCAN TEST DEVICES 

WITH 18-BIT UNIVERSAL BUS TRANSCEIVERS 

SCBS671 - AUGUST 1996 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) ( see Note 4) 



PARAMETER 


TEST CONDITIONS 


SN54LVTH182512 


SN74LVTH1 82512 


UNIT 


MIN TYPt MAX 


MIN TYPt MAX 


V|K 


V C C = 2.7V, l| = -18mA 


-1.2 


-1.2 


V 


VOH 


A.B.TDO 


V C C = MIN to MAX*, Ioh = -100h a 


VcC-0-2 


VcC-0-2 


V 


A port, 
TDO 


V CC = 2 - 7 v > 'OH = -3 rriA 


2.4 


2.4 


V C C - 3 V 


lOH = -8 mA 


2.4 


2.4 


'OH = -24 mA 


2 




Iqh - -32 mA 




2 


Bport 


V C C = 3V, l 0 H = -12mA 


2 


2 


vol 


A, B, TDO 


Vcc = 2.7V, loL=100nA 


0.2 


0.2 


V 


A port, 
TDO 


Vcc = 2.7 V, Iql = 24 mA 


0.5 


0.5 


V C C = 3 V 


IOL= 16 mA 


0.4 


0.4 


lOL = 32 mA 


0.5 


0.5 


lOL = 4 8 mA 


0.55 




Iql = 64 mA 




0.55 


B port 


Vcc = 3V, loL=12mA 


0.8 


0.8 


ii 


CLK, 
LE, TCK 


V C c - 3.6 v - v l = V CC °r G ND 


±1 


±1 


uA 


Vcc = 0 ° r MAX*, V| = 5.5 V 


10 


10 


OE, 

TDI, TMS 


V C C - 3-6 V 


V| = 5.5V 


5 


5 


V| = V CC 


1 


1 


V| = 0 


-25 -100 


-25 -100 


AorB 
ports§ 


V C C = 3.6 V 


V| = 5.5 V 


20 


20 


V| = V CC 


1 


1 


V| = 0 


-5 


-5 


'off 


Vcc = 0, V|orV 0 = Oto4.5V 




±100 


HA 


'Khold) 11 


AorB 
ports 


V C C = 3V 


V| = 0.8 V 


75 500 


75 150 500 


iiA 


V|=2V 


-75 -500 


-75 -150 -500 


'OZH 


TDO 


V C C = 3.6 V, V 0 = 3 V 


1 


1 


HA 


'OZL 


TDO 


Vcc = 3.6 V, Vo = 0.5 V 


-1 


-1 


HA 


lOZPU 


TDO 


V C c = 0to 1.5V, V O = 0.5Vor3V 


±50 


±50 


HA 


>OZPD 


TDO 


Vcc = 1-5Vto0, Vo = 0.5Vor3V 


±50 


±50 


uA 


'cc 


V C C = 3.6 V, 

io-o. 

V| = Vcc or G ND 


Outputs high 




3 


mA 


Outputs low 




30 


Outputs disabled 




3 


Alcc # 


Vcc = 3 V to 3.6 V, One input at Vcc - °-6 V, 
Other inputs at Vcc or 


0.5 


0.5 


mA 


Ci 


V| = 3VorO 


4 


4 


PF 


Qo 


Vq = 3 V or 0 


10 


10 


PF 


Co 


Vq = 3 V or 0 


8 


8 


PF 



t All typical values are at Vcc = 3 3 V, = 25°C. 

t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
§ Unused pins at Vcc or GND 

1f The parameter l|(hold) includes the off-state output leakage current. 

#This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND - 
NOTE 4: Product preview specifications are design goals only and are subject to change without notice. 
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timing requirements over recommended operating free-air temperature range (unless otherwise 
noted) (normal mode) (see Note 4 and Figure 14) 





SN54LVTH182512 


SN74LVTH182512 


UNIT 


V C C = 3.3 V 
± 0.3 V 


V C C = 2.7V 


V C C = 3.3 V 
± 0.3 V 


V C C = 2.7V 


MIN MAX 


MIN MAX 
iviiii i vi rA y\ 


MINI MAX 


MIM MAX 
iviiii I • I y\ 


'clock Clock frequency 


CLKAB or CLKBA 






0 100 




MHz 


t w Pulse duration 


CLKAB or CLKBA high or low 






4.4 




ns 


LEAB or LEBA high 






3 




t su Setup time 


A before CLKABt or 
B before CLKBAt 






2.8 




ns 


A before LEAB-i or 
B before LEBA4- 


CLK high 






1.5 




CLK low 






1.6 




t n Hold time 


A after CLKABt or 
B after CLKBAt 






1.4 




ns 


A after LEAB4- or B after LEBAl 






3.1 





NOTE 4: Product preview specifications are design goals only and are subject to change without notice. 



timing requirements over recommended operating free-air temperature range (unless otherwise 
noted) (test mode) (see Note 4 and Figure 14) 





SN54LVTH182512 


SN74LVTH182512 


UNIT 


V C C = 3.3 V 
±0.3V 


V C C = 2.7 V 


V C C = 3.3 V 
±0.3V 


Vcc = 2.7 V 


MIN MAX 


MIN MAX 


MIN MAX 


MIN MAX 


'clock Clock frequency 


TCK 






0 50 




MHz 


t w Pulse duration 


TCK high or low 






9.5 




ns 


t su Setup time 


A, B, CLK, LE, orOE 
before TCKt 






6.5 




ns 


TDI before TCKt 






2.5 




TMS before TCKt 






2.5 




t n Hold time 


A, B, CLK, LE, or OE after TCKt 






1.5 




ns 


TDI after TCKt 






1.5 




TMS after TCKt 






1.5 




t,j ' Delay time 


Power up to TCKt 






50 




ns 


t r Rise time 


Vcc power up 






1 




\1S 



NOTE 4: Product preview specifications are design goals only and are subject to change without notice. 
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switching characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (normal mode) (see Note 4 and Figure 14) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


SN54LVTH182512 


SN74LVTH182512 


1 IKIIT 

UNI 1 


V C C = 3.3 V 
+ 0.3V 


V CC = 2.7 v 


V C C = 3.3 V 
±0.3V 


Vcc = 2.7 V 


MIN MAX 


MIN MAX 


MIN MAX 


MIN MAX 


'max 


CLKAB or CLKBA 








100 




MHz 


tPLH 




3 






1.5 5.7 




ns 


tPHL 






1.5 5.7 




tPLH 




A 






1.5 4.9 




ns 


tPHL 






1.5 4.9 




tPLH 


CLKAB 


B 






1.5 6.7 




ns 


tPHL 






1.5 6.7 




tPLH 


CLKBA 


A 






1.5 5.8 




ns 


tPHL 






1.5 5.8 




tPLH 


LEAB 


B 






1.5 8.2 




ns 


tPHL 






1.5 6.2 




tPLH 


LEBA 


A 






1.5 7.4 




ns 


tPHL 






1.5 5.7 




tpZH 




B or A 






1.5 7.9 




ns 


tpZL 


OEAB or OEBA 






1.5 7.9 




*PHZ 




BorA 






2.5 8.4 




ns 


tPLZ 


OEAB or OEBA 






2.5 8.4 





NOTE 4: Product preview specifications are design goals only and are subject to change without notice. 



switching characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (test mode) (see Note 4 and Figure 14) 









SN54LVTH182512 


SN74LVTH182512 




PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V C C = 3.3 V 
±0.3V 


V C C = 2.7 V 


V C C = 3.3 V 
±0.3V 


V C C = 2.7 V 


UNIT 








MIN MAX 


MIN MAX 


MIN 


MAX 


MIN MAX 




'max 


TCK 








50 




MHz 


tPLH 


TCKi 


AorB 






2.5 


14 




ns 


tPHL 






2.5 


14 




tPLH 


TCKi 


TDO 






1 


5.5 




ns 


tPHL 






1.5 


6.5 




tPZH 


TCKsl 


AorB 






4 


17 




ns 


tpZL 






4 


17 




l PZH 


TCKJ- 


TDO 






1 


5.5 




ns 


IPZL 






1.5 


5.5 




tPHZ 


TCK4- 


AorB 






4 


18 




ns 


tPLZ 






4 


17 




tPHZ 


TCK4- 


TDO 






1.5 


7 




ns 


tPLZ 






1.5 


7 





NOTE 4: Product preview specifications are design goals only and are subject to change without notice. 
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SN54LVTH18512, SN54LVTH182512, SN74LVTH18512, SN74LVTH182512 

3.3-V ABT SCAN TEST DEVICES 
WITH 18-BIT UNIVERSAL BUS TRANSCEIVERS 

SCBS671 - AUGUST 1996 

PARAMETER MEASUREMENT INFORMATION 

_ 6V 



500 a 

-A/W- 



500 Q 



O Open 
9 GND 



TEST 


S1 


tPLH /l PHL 
tPLZ'tPZL 
tPHZ'tpZH 


Open 
6V 
GND 



LOAD CIRCUIT 




Input 1.5 V 



VOLTAGE WAVEFORMS 
PULSE DURATION 



2.7 V 



0V 



Timing Input 



Data Input 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



2.7 V 
0V 



2.7 V 
0V 



Input 



Output 



Output 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output \£7v VlTv" 
Control A A 



Output 
Waveform 1 
S1 at 6 V 
(see Note B) 

Output 
Waveform 2 
S1 at GND 
(see Note B) 



tpzL -*j H- 



tPLZ j«- 



2.7 V 
0V 

3V 



y_ok.^-3y Vql 



tpZH~*| 



| tpHZ ~M (4- 
l*~ I 



VQH-0.3V V ° H 



0V 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. Cl includes probe and jig capacitance. 

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

C. All input pulses are supplied by generators having the following characteristics: PRR < 1 0 MHz, Zq = 50 £2, t r s 2.5 ns, tj < 2.5 ns. 

D. The outputs are measured one at a time with one transition per measurement. 

Figure 14. Load Circuit and Voltage Waveforms 
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SN54LVTH18514, SN54LVTH182514, SN74LVTH18514, SN74LVTH182514 

3.3-V ABT SCAN TEST DEVICES 
WITH 20-BIT UNIVERSAL BUS TRANSCEIVERS 



SCBS670- AUGUST 1996 



Members of the Texas Instruments 
SCOPE™ Family of Testability Products 

Members of the Texas Instruments 
Wldebus™ Family 

State-of-the-Art 3.3-V ABT Design Supports 
Mixed-Mode Signal Operation (5-V Input 
and Output Voltages With 3.3-V V cc ) 

Support Unregulated Battery Operation 
Down to 2.7 V 

UBT™ (Universal Bus Transceiver) 
Combines D-Type Latches and D-Type 
Flip-Flops for Operation in Transparent, 
Latched, or Clocked Mode 
Bus Hold on Data Inputs Eliminates the 
Need for External Pullup Resistors 

B-Port Outputs of 'LVTH182514 Devices 
Have Equivalent 25-Q Series Resistors, So 
No External Resistors Are Required 

Compatible With the IEEE Standard 
1149.1-1990 (JTAG) Test Access Port 
and Boundary-Scan Architecture 
SCOPE™ Instruction Set 

- IEEE Standard 1149.1-1990 Required 
Instructions and Optional CLAMP and 
HIGHZ 

- Parallel-Signature Analysis at Inputs 

- Pseudo-Random Pattern Generation 
From Outputs 

- Sample Inputs/Toggle Outputs 

- Binary Count From Outputs 

- Device Identification 

- Even-Parity Opcodes 

Packaged in 64-Pin Plastic Thin Shrink 
Small-Outline (DGG) and 64-Pin Ceramic 
Dual Flat (HKC) Packages Using 0.5-mm 
Center-to-Center Spacings 



SN54LVTH18514, SN54LVTH182514 
SN74LVTH18514, SN74LVTH182514 . 

(TOP VIEW) 



. ■ HKC PACKAGE 
. . DGG PACKAGE 



CL KENBA [ 1 ^ 64 

OEBA [ 2 63 

B1 [ 3 62 

B2 [ 4 61 

B3 [ 5 60 

GND [ 6 59 

B4 [ 7 58 

B5 [ 8 57 

V C C [ 9 56 

B6[ 10 55 

B7[ 11 54 

GND[ 12 53 

B8[ 13 52 

B9[ 14 51 

B10[ 15 50 

B11 [ 16 49 

B12[ 17 48 

B13[ 18 47 

B14[ 19 46 

GND [ 20 45 

B15[21 44 

B16[ 22 43 

B17[ 23 42 

V C C t 24 41 

B18[ 25 40 

B19[ 26 39 

GND [ 27 38 

B20 [ 28 37 

OEAB[ 29 36 

CLKENAB [ 30 35 

TDO [ 31 34 

TMS [ 32 33 



CLKBA 

LEBA 

A1 

A2 

A3 

GND 

A4 

A5 

V C C 

A6 

A7 

GND 

A8 

A9 

A10 

A11 

A12 

A13 

A14 

GND 

A15 

A16 

A17 

Vcc 

A18 

A19 

GND 

A20 

LEAB 

CLKAB 

TDI 

TCK 



description 



The 'LVTH18514 and 'LVTH182514 scan test devices with 20-bit universal bus transceivers are members of 
the Texas Instruments SCOPE™ testability integrated-circuit family. This family of devices supports IEEE 
Standard 1 1 49.1 -1 990 boundary scan to facilitate testing of complex circuit-board assemblies. Scan access to 
the test circuitry is accomplished via the 4-wire test access port (TAP) interface. 

Additionally, these devices are designed specifically for low-voltage (3.3-V) Vcc operation, but with the 
capability to provide a TTL interface to a 5-V system environment. 



SCOPE, Widebus, and UBT are trademarks of Texas Instruments Incorporated. 
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description (continued) 

In the normal mode, these devices are 20-bit universal bus transceivers that combine D-type latches and D-type 
flip-flops to allow data flow in transparent, latched, or clocked modes. The test circuitry can be activated by the 
TAP to take snapshot samples of the data appearing at the device pins or to perform a self-test on the 
boundary-test cells. Activating the TAP in the normal mode does not affect the functional operation of the 
SCOPE™ universal bus transceivers. 

Data flow in e ach directio n is c ontrolled by output-enable (OEAB and OEBA), latch-enable (LEAB and LEBA), 
clock-enable (CLKENAB and CLKENBA), and clock (CLKAB and CLKBA) inputs. For A-to-B data flow, the 
device ope rates in the transparent mode when LEAB is high. When LEAB is low, the A-bus data is latched while 
CLKENAB is high and/or CLKAB is held at a static low or high logic level. Oth erwise, if LEAB is low and 
CLKENAB is low, A-bus data is stored on a low-to-high transition of CLKAB. When OEAB is low, the B outputs 
are active. When OEAB is hig h, the B outpu ts are in the high-impedance state. B-to-A data flow is similar to 
A-to-B data flow, but uses the OEBA, LEBA, CLKENBA, and CLKBA inputs. 

In the test mode, the normal operation of the SCOPE™ universal bus transceivers is inhibited, and the test 
circuitry is enabled to observe and control the I/O boundary of the device. When enabled, the test circuitry 
performs boundary-scan test operations according to the protocol described in IEEE Standard 1149.1-1990. 

Four dedicated test pins are used to observe and control the operation of the test circuitry: test data input (TDI), 
test data output (TDO), test mode select (TMS), and test clock (TCK). Additionally, the test circuitry performs 
other testing functions, such as parallel-signature analysis (PSA) on data inputs and pseudo-random pattern 
generation (PRPG) from data outputs. All testing and scan operations are synchronized to the TAP interface. 

Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logic level. 

The B-port outputs of 'LVTH182514, which are designed to source or sink up to 12 mA, include 25-Q series 
resistors to reduce overshoot and undershoot. 

The SN74LVTH18514 and SN74LVTH182514 are available in TPs thin shrink small-outline (DGG) package, 
which provides twice the I/O pin count and functionality in the same printed-circuit-board area. 

The SN54LVTH1 851 4 and SN54LVTH1 8251 4 are characterized for operation over the full military temperature 
range of -55°C to 1 25°C. The SN74LVTH1 851 4 and SN74LVTH1 8251 4 are characterized for operation from 
-40°C to 85°C. 



FUNCTION TABLET 
(normal mode, each register) 



INPUTS 


OUTPUT 


OEAB 


LEAB 


CLKENAB 


CLKAB 
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B 


L 


L 


L 
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B 0 * 
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L 


L 


L 


L 


L 


T 


H 


H 


L 


L 


H 


X 


X 


Bo* 


L 


H 


X 


X 


L 


L 


L 


H 


X 


X 


H 


H 


H 


X 


X 


X 


X 


Z 



t A-to-B data flow is shown. B-to-A data flow is similar, but uses 



OEBA, LEBA, CLKENBA, and CLKBA. 
$ Output level before the indicated steady-state input conditions were 
established 
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functional block diagram 
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Terminal Functions 


TERMINAL NAME 


DESCRIPTION 


A1-A20 


Normal-function A-bus I/O ports. See function table for normal-mode logic. 


B1-B20 


Normal-function B-bus I/O ports. See function table for normal-mode logic. 


CLKAB, CLKBA 


Normal-function clock inputs. See function table for normal-mode logic. 


CLKENAB, CLKENBA 


Normal-function clock enables. See function table for normal-mode logic. 


GND 


Ground 


LEAB, LEBA 


Normal-function latch enables. See function table for normal-mode logic. 


OEAB, OEBA 


Normal-function output enables. See function table for normal-mode logic. An internal pullup at each terminal forces 
the terminal to a high level if left unconnected. 


TCK 


Test clock. One of four terminals required by IEEE Standard 1149.1-1990. Test operations of the device are 
synchronous to TCK. Data is captured on the rising edge of TCK and outputs change on the falling edge of TCK. 


TDl 


Test data input. One of four terminals required by IEEE Standard 1149.1-1990. TDl is the serial input for shifting data 
through the instruction register or selected data register. An internal pullup forces TDl to a high level if left unconnected. 


TDO 


Test data output. One of four terminals required by IEEE Standard 1149.1-1990. TDO is the serial output for shifting 
data through the instruction register or selected data register. 


TMS 


Test mode select. One of four terminals required by I EEE Standard 1 1 49. 1 -1 990. TMS directs the device through its 
TAP controller states. An internal pullup forces TMS to a high level if left unconnected. 


vcc 


Supply voltage 
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test architecture 

Serial-test information is conveyed by means of a 4-wire test bus or TAP that conforms to IEEE Standard 
1 1 49.1-1 990. Test instructions, test data, and test control signals are passed along this serial-test bus. The TAP 
controller monitors two signals from the test bus: TCK and TMS. The TAP controller extracts the synchronization 
(TCK) and state control (TMS) signals from the test bus and generates the appropriate on-chip control signals 
for the test structures in the device. Figure 1 shows the TAP-controller state diagram. 

The TAP controller is fully synchronous to the TCK signal. Input data is captured on the rising edge of TCK and 
output data changes on the falling edge of TCK. This scheme ensures data to be captured is valid for fully 
one-half of the TCK cycle. 

The functional block diagram shows the IEEE Standard 1149.1-1990 4-wire test bus and boundary-scan 
architecture and the relationships of the test bus, the TAP controller, and the test registers.- As shown, the device 
contains an 8-bit instruction register and four test data registers: a 48-bit boundary-scan register, a 3-bit 
boundary-control register, a 1-bit bypass register, and a 32-bit device-identification register. 



TMS = H 



TMS = L 




Test-Logic-Reset 



> 



TMS = L 



Run-Test/ldle 
T 



>TMS = H y 



Select-DR-Scan 





> 



TMS = H 



TMS = L 



Capture-DR 



> 



TMS = L 



Shlft-DR 



> 



TMS = H 



Exlt1-DR 



> 



TMS = L 



Pause-DR 



> 



TMS = H 



Exit2-DR 



y 



TMS = L 



TMS = H 



Update-DR 



TMS = H 



> 



TMS = L 



< 



TMS = H TMS = H 



< 



< 



< 



< 



TMS = L 



< 



< 



Select-IR-Scan 



> 



TMS = H 



TMS = L 



Capture-IR 



TMS = L 



Shlft-IR 



TMS = H 




TMS = H 



ExIH-IR 



TMS = L 



Pause-IR 



TMS = H 




Exit2-IR 



TMS = H 

r 

Update-IR >4- 



TMS = H 



TMS = L 



Figure 1. TAP-Controller State Diagram 
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state diagram description 

The TAP controller is a synchronous finite-state machine that provides test control signals throughout the 
device. The state diagram shown in Figure 1 is in accordance with IEEE Standard 1149.1-1990. The TAP 
controller proceeds through its states, based on the level of TMS at the rising edge of TCK. 

As shown, the TAP controller consists of 1 6 states. There are six stable states (indicated by a looping arrow in 
the state diagram) and ten unstable states. A stable state is defined as a state the TAP controller can retain for 
consecutive TCK cycles. Any state that does not meet this criterion is an unstable state. 

There are two main paths through the state diagram: one to access and control the selected data register and 
one to access and control the instruction register. Only one register at a time can be accessed. 

Test-Logic-Reset 

The device powers up in the Test-Logic-Reset state. In the stable Test-Logic-Reset state, the test logic is reset 
and is disabled so that the normal logic function of the device is performed. The instruction register is reset to 
an opcode that selects the optional IDCODE instruction, if supported, or the BYPASS instruction. Certain data 
registers also can be reset to their power-up values. 

The state machine is constructed such that the TAP controller returns to the Test-Logic-Reset state in no more 
than five TCK cycles if TMS is left high. The TMS pin has an internal pullup resistor that forces it high if left 
unconnected or if a board defect causes it to be open circuited. 

For the 'LVTH18514 and 'LVTH1 82514, the instruction register is reset to the binary value 10000001 , which 
selects the IDCODE instruction. Bits 47-46 in the boundary-scan register are reset to logic 1, ensuring that 
these cells, which control A-port and B-port outputs, are set to benign values (i.e., if test mode were invoked, 
the outputs would be at high-impedance state). Reset values of other bits in the boundary-scan register should 
be considered indeterminate. The boundary-control register is reset to the binary value 010, which selects the 
PSA test operation. 

Run-Test/Idle 

The TAP controller must pass through the Run-Test/Idle state (from Test-Logic-Reset) before executing any test 
operations. The Run-Test/Idle state also can be entered following data-register or instruction-register scans. 
Run-Test/ldle is a stable state in which the test logic can be actively running a test or can be idle. The test 
operations selected by the boundary-control register are performed while the TAP controller is in the 
Run-Test/Idle state. 

Select-DR-Scan, Select-IR-Scan 

No specific function is performed in the Select-DR-Scan and Select-IR-Scan states, and the TAP controller exits 
either of these states on the next TCK cycle. These states allow the selection of either data-register scan or 
instruction-register scan. 

Capture-DR 

When a data-register scan is selected, the TAP controller must pass through the Capture-DR state. In the 
Capture-DR state, the selected data register can capture a data value as specified by the current instruction. 
Such capture operations occur on the rising edge of TCK, upon which the TAP controller exits the Capture-DR 
state. 

Shift-DR 

Upon entry to the Shift-DR state, the data register is placed in the scan path between TDI and TDO. On the first 
falling edge of TCK, TDO goes from the high-impedance state to an active state. TDO enables to the logic level 
present in the least-significant bit of the selected data register. 
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Shift-DR (continued) 

While in the stable Shift-DR state, data is serially shifted through the selected data register on each TCK cycle. 
The first shift occurs on the first rising edge of TCK after entry to the Shift-DR state (i.e., no shifting occurs during 
the TCK cycle, in which the TAP controller changes from Capture-DR to Shift-DR or from Exit2-DR to Shift-DR). 
The last shift occurs on the rising edge of TCK, upon which the TAP controller exits the Shift-DR state. 

Exitl-DR, Exit2-DR 

The Exit1-DR and Exit2-DR states are temporary states that end a data-register scan. It is possible to return 
to the Shift-DR state from either Exit1-DR or Exit2-DR without recapturing the data register. On the first falling 
edge of TCK after entry to Exit1-DR, TDO goes from the active state to the high-impedance state. 

Pause-DR 

No specific function is performed in the stable Pause-DR state, in which the TAP controller can remain 
indefinitely. The Pause-DR state suspends and resumes data-register scan operations without loss of data. 

Update-DR 

If the current instruction calls for the selected data register to be updated with current data, such updates occur 
on the falling edge of TCK, following entry to the Update-DR state. 

Capture-IR 

When an instruction-register scan is selected, the TAP controller must pass through the Capture-IR state. In 
the Capture-IR state, the instruction register captures its current status value. This capture operation occurs 
on the rising edge of TCK, upon which the TAP controller exits the Capture-IR state. For the 'LVTH1 851 4 and 
'LVTH1 82514, the status value loaded in the Capture-IR state is the fixed binary value 1 0000001 . 

Shift-IR 

Upon entry to the Shift-IR state, the instruction register is placed in the scan path between TDI and TDO. On 
the first falling edge of TCK, TDO goes from the high-impedance state to the active state. TDO enables to the 
logic level present in the least-significant bit of the instruction register. 

While in the stable Shift-IR state, instruction data is serially shifted through the instruction register on each TCK 
cycle. The first shift occurs on the first rising edge of TCK after entry to the Shift-IR state (i.e., no shifting occurs 
during the TCK cycle in which the TAP controller changes from Capture-IR to Shift-IR or from Exit2-IR to 
Shift-IR). The last shift occurs on the rising edge of TCK, upon which the TAP controller exits the Shift-IR state. 

Exitl-IR, Exit2-IR 

The Exit1-IR and Exit2-IR states are temporary states that end an instruction-register scan. It is possible to 
return to the Shift-IR state from either Exit1-IR or Exit2-IR without recapturing the instruction register. On the 
first falling edge of TCK after entry to Exit1-IR, TDO goes from the active state to the high-impedance state. 

Pause-IR 

No specific function is performed in the stable Pause-IR state, in which the TAP controller can remain 
indefinitely. The Pause-IR state suspends and resumes instruction-register scan operations without loss of 
data. 

Update-IR 

The current instruction is updated and takes effect on the falling edge of TCK, following entry to the Update-IR 
state. 



Texas 
Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 6-77 



SN54LVTH18514, SN54LVTH182514, SN74LVTH 18514, SN74LVTH182514 

3.3-V ABT SCAN TEST DEVICES 

WITH 20-BIT UNIVERSAL BUS TRANSCEIVERS 

SCBS670 - AUGUST 1996 



register overview 

With the exception of the bypass and device-identification registers, any test register can be thought of as a 
serial-shift register with a shadow latch on each bit. The bypass and device-identification registers differ in that 
they contain only a shift register. During the appropriate capture state (Capture-IR for instruction register, 
Capture-DR for data registers), the shift register can be parallel loaded from a source specified by the current 
instruction. During the appropriate shift state (Shift-IR or Shift-DR), the contents of the shift register are shifted 
out from TDO while new contents are shifted in at TDI. During the appropriate update state (Update-IR or 
Update-DR), the shadow latches are updated from the shift register. 

instruction register description 

The instruction register (IR) is eight bits long and tells the device what instruction is to be executed. Information 
contained in the instruction includes the mode of operation (either normal mode, in which the device performs 
its normal logic function, ortest mode, in which the normal logicfunction is inhibited or altered), the test operation 
to be performed, which of the four data registers is to be selected for inclusion in the scan path during 
data-register scans, and the source of data to be captured into the selected data register during Capture-DR. 

Table 3 lists the instructions supported by the 'LVTH1 851 4 and 'LVTH1 8251 4. The even-parity feature specified 
for SCOPE™ devices is supported in this device. Bit 7 of the instruction opcode is the parity bit. Any instructions 
that are defined for SCOPE™ devices but are not supported by this device default to BYPASS. 

During Capture-IR, the IR captures the binary value 1 0000001 . As an instruction is shifted in, this value is shifted 
out via TDO and can be inspected as verification that the IR is in the scan path. During Update-IR, the value 
that has been shifted into the IR is loaded into shadow latches. At this time, the current instruction is updated 
and any specified mode change takes effect. At power up or in the Test-Logic-Reset state, the IR is reset to the 
binary value 10000001 , which selects the IDCODE instruction. The instruction register order of scan is shown 
in Figure 2. 
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Figure 2. Instruction Register Order of Scan 
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data register description 
boundary-scan register 

The boundary-scan register (BSR) is 48 bits long. It contains one boundary-scan cell (BSC) for each 
normal-function input pin and one BSC for each normal-function I/O pin (one single cell for both input data and 
output data). The BSR is used to store test data that is to be applied externally to the device output pins, and/or 
to capture data that appears internally at the outputs of the normal on-chip logic and/or externally at the device 
input pins. 

The source of data to be captured into the BSR during Capture-DR is determined by the current instruction. The 
contents of the BSR can change during Run-Test/ldle as determined by the current instruction. At power up or 
in Test-Logic-Reset, BSCs 47-46 are reset to logic 1 , ensuring that these cells, which control A-port and B-port 
outputs, are set to benign values (i.e., if test mode were invoked, the outputs would be at high-impedance state). 
Reset values of other BSCs should be considered indeterminate. 

The BSR order of scan is from TDI through bits 47-0 to TDO. Table 1 shows the BSR bits and their associated 
device pin signals. 



Table 1. Boundary-Scan Register Configuration 



BSR BIT 
NUMBER 


DEVICE 
SIGNAL 


BSR BIT 
NUMBER 


DEVICE 
SIGNAL 


BSR BIT 
NUMBER 


DEVICE 
SIGNAL 


47 


OEAB 


39 


A20-I/O 


19 


B20-I/O 


46 


OEBA 


38 


A19-I/0 


18 


B19-I/0 


45 


CLKAB 


37 


A18-I/0 


17 


B18-I/0 


44 


CLKBA 


36 


A17-I/0 


16 


B17-I/0 


43 


CLKENAB 


35 


A16-I/0 


15 


B16-I/0 


42 


CLKENBA 


34 


A15-I/0 


14 


B15-I/0 


41 


LEAB 


33 


A14-I/0 


13 


B 14-1/0 


40 


LEBA 


32 


A13-I/0 


12 


B1 3-1/0 






31 


A12-I/0 


11 


B12-I/0 






30 


A1 1-1/0 


10 


B1 1-1/0 






29 


A10-I/O 


9 


B10-I/O 






28 


A9-I/0 


8 


B9-I/0 






27 


A8-I/0 


7 


B8-I/0 






26 


A7-I/0 


6 


B7-I/0 






25 


A6-I/0 


5 


B6-I/0 






24 


A5-I/0 


4 


B5-I/0 






23 


A4-I/0 


3 


B4-I/0 






22 


A3-I/0 


2 


B3-I/0 






21 


A2-I/0 
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B2-I/0 






20 


A1-I/0 


0 


B 1-1/0 
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boundary-control register 

The boundary-control register (BCR) is three bits long. The BCR is used in the context of the boundary-run 
(RUNT) instruction to implement additional test operations not included in the basic SCOPE™ instruction set. 
Such operations include PRPG, PSA, and binary count up (COUNT). Table 4 shows the test operations that 
are decoded by the BCR. 

During Capture-DR, the contents of the BCR are not changed. At power up or in Test-Logic-Reset, the BCR is 
reset to the binary value 01 0, which selects the PSA test operation. The boundary-control register order of scan 
is shown in Figure 3. 



TDI 



Bit 2 




Bit 1 
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Figure 3. Boundary-Control Register Order of Scan 

bypass register 

The bypass register is a 1-bit scan path that can be selected to shorten the length of the system scan path, 
reducing the number of bits per test pattern that must be applied to complete a test operation. During 
Capture-DR, the bypass register captures a logic 0. The bypass register order of scan is shown in Figure 4. 
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Figure 4. Bypass Register Order of Scan 
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device-identification register 

The device-identification register (IDR) is 32 bits long. It can be selected and read to identify the manufacturer, 
part number, and version of this device. 

For the 'LVTH18514, the binary value 00000000000000111101000000101111 (0003D02F, hex) is captured 
(during Capture-DR state) in the IDR to identify this device as Texas Instruments SN54/74LVTH18514. 

For the 'LVTH182514, the binary value 00000000000000111110000000101111 (0003E02F, hex) is captured 
(during Capture-DR state) in the IDR to identify this device as Texas Instruments SN54/74LVTH182514. 

The IDR order of scan is from TDI through bits 31 -0 to TDO. Table 2 shows the IDR bits and their significance. 



Table 2. Device-Identification Register Configuration 



IDR BIT 
NUMBER 


IDENTIFICATION 
SIGNIFICANCE 


IDR BIT 
NUMBER 


IDENTIFICATION 
SIGNIFICANCE 


IDR BIT 
NUMBER 


identification 
significance! 


31 


VERSION3 


27 


PARTNUMBER15 


11 


MANUFACTURER1 0t 


30 


VERSION2 


26 


PARTNUMBER14 


10 


MANUFACTURER09t 


29 


VERSION1 


25 


PARTNUMBER13 


9 


MANUFACTURER08t 


28 


VERSION0 


24 


PARTNUMBER12 


8 


MANUFACTURER07T 






23 


PARTNUMBER11 


7 


MANUFACTURER06t 






22 


PARTNUMBER10 


6 


MANUFACTURER05T 






21 


PARTNUMBER09 


5 


MANUFACTURER04T 






20 


PARTNUMBER08 


4 


MANUFACTURER03T 






19 


PARTNUMBER07 


3 


MANUFACTURER02t 






18 


PARTNUMBER06 


2 


MANUFACTUREROlt 






17 


PARTNUMBER05 


1 


MANUFACTURER00T 






16 


PARTNUMBER04 
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LOGIClt 






15 


PARTNUMBER03 










14 


PARTNUMBER02 










13 


PARTNUMBER01 










12 


PARTNUMBER00 







TNote that for Tl products, bits 11-0 of the device-identification register always contain the binary value 000000101111 



(02F, hex). 
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instruction-register opcode description 

The instruction-register opcodes are shown in Table 3. The following descriptions detail the operation of each 
instruction. 



Table 3. Instruction-Register Opcodes 



BINARY CODEt 
BIT 7 -» BIT 0 

M<?R 1 QB 

IVIO O 7 LOD 


SCOPE OPCODE 


DESCRIPTION 


SELECTED DATA 
REGISTER 


MODE 


nnnnnnnn 


EXTEST 


DUUllUdiy oOdll 


DUUllUdiy oUdll 


Test 




IUuUUC 


lUcTlUHUctUUII [caU 


Ucvll/C iUGllllllUallUII 


Normal 


mnnnmn 


3AMPI F/PRFI OAn 


octiii)Jio uuuuudiy 


RniinHaru cr*an 
DUUllUdiy owdii 


IMUIIIIdl 


nnnonnn 


RYPA^t 


Dypdoo ocelli 


Rvnacc 
Ejy^iddo 


Mnrtnal 
1 1 idi 


10000100 


BYPASS* 


Bypass scan 


Bypass 


Normal 


00000101 


BYPASS* 


Bypass scan 


Bypass 


Normal 


00000110 


HIGHZ 


Control boundary to high impedance 


Bypass 


Modified test 


10000111 


CLAMP 


Control boundary to 1/0 


Bypass 


Test 


10001000 


BYPASS* 


Bypass scan 


Bypass 


Normal 


00001001 


RUNT 


Boundary-run test 


Bypass 


Test 


00001010 


READBN 


Boundary read 


Boundary scan 


Normal 


10001011 


READBT 


Boundary read 


Boundary scan 


Test 


00001100 


CELLTST 


Boundary self test 


Boundary scan 


Normal 


10001101 


TOPHIP 


Boundary toggle outputs 


Bypass 


Test 


10001110 


SCANCN 


Boundary-control-register scan 


Boundary control 


Normal 


00001111 


SCANCT 


Boundary-control-register scan 


Boundary control 


Test 


All others 


BYPASS 


Bypass scan 


Bypass 


Normal 



t Bit 7 is used to maintain even parity in the 8-bit instruction. 

*The BYPASS instruction is executed in lieu of a SCOPE™ instruction that is not supported in the 'LVTH18514 or 'LVTH182514. 

boundary scan 



This instruction conforms to the IEEE Standard 1149.1-1990 EXTEST instruction. The BSR is selected in the 
scan path. Data appearing at the device input and I/O pins is captured in the associated BSCs. Data that has 
been scanned into the I/O BSCs for pins in the output mode is applied to the device I/O pins. Data present at 
the device pins, except for output-enables, is passed through the BSCs to the normal on-chip logic. For I/O pins, 
the operation of a pin as input or output is determined by the contents of the output-enable BSCs (bits 47-46 
of the BSR). When a given output enable is active (logic 0), the associated I/O pins operate in the output mode. 
Otherwise, the I/O pins operate in the input mode. The device operates in the test mode. 

identification read 

This instruction conforms to the IEEE Standard 1149.1-1990 IDCODE instruction. The IDR is selected in the 
scan path. The device operates in the normal mode. 

sample boundary 

This instruction conforms to the IEEE Standard 1149.1-1990 SAMPLE/PRELOAD instruction. The BSR is 
selected in the scan path. Data appearing at the device input pins and I/O pins in the input mode is captured 
in the associated BSCs, while data appearing at the outputs of the normal on-chip logic is captured in the BSCs 
associated with I/O pins in the output mode. The device operates in the normal mode. 
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bypass scan 

This instruction conforms to the IEEE Standard 1149.1-1990 BYPASS instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. The device 
operates in the normal mode. 

control boundary to high impedance 

This instruction conforms to the IEEE Standard 1149.1a-1993 HIGHZ instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. The device 
operates in a modified test mode in which all device I/O pins are placed in the high-impedance state, the device 
input pins remain operational, and the normal on-chip logic function is performed. 

control boundary to 1/0 

This instruction conforms to the IEEE Standard 1149.1a-1993 CLAMP instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. Data in the I/O 
BSCs for pins in the output mode is applied to the device I/O pins. The device operates in the test mode. 

boundary-run test 

The bypass register is selected in the scan path. A logic 0 value is captured in the bypass register during 
Capture-DR. The device operates in the test mode. The test operation specified in the BCR is executed during 
Run-Test/ldle. The five test operations decoded by the BCR are: sample inputs/toggle outputs (TOPSIP), 
PRPG, PSA, simultaneous PSA and PRPG (PSA/PRPG), and simultaneous PSA and binary count up 
(PSA/COUNT). 

boundary read 

The BSR is selected in the scan path. The value in the BSR remains unchanged during Capture-DR. This 
instruction is useful for inspecting data after a PSA operation. 

boundary self test 

The BSR is selected in the scan path. All BSCs capture the inverse of their current values during Capture-DR. 
In this way, the contents of the shadow latches can be read out to verify the integrity of both shift register and 
shadow latch elements of the BSR. The device operates in the normal mode. 

boundary toggle outputs 

The bypass register is selected in the scan path. A logic 0 value is captured in the bypass register during 
Capture-DR. Data in the shift-register elements of the selected output-mode BSCs is toggled on each rising 
edge of TCK in Run-Test/Idle and is then updated in the shadow latches and applied to the associated device 
I/O pins on each falling edge of TCK in Run-Test/ldle. Data in the input-mode BSCs remains constant. Data 
appearing at the device input or I/O pins is not captured in the input-mode BSCs. The device operates in the 
test mode. 

boundary-control-register scan 

The BCR is selected in the scan path. The value in the BCR remains unchanged during Capture-DR. This 
operation must be performed before a boundary-run test operation to specify which test operation is to be 
executed. 
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boundary-control register opcode description 

The BCR opcodes are decoded from BCR bits 2-0 as shown in Table 4. The selected test operation is 
performed while the RUNT instruction is executed in the Run-Test/ldle state. The following descriptions detail 
the operation of each BCR instruction and illustrate the associated PSA and PRPG algorithms. 



Table 4. Boundary-Control Register Opcodes 



BINARY CODE 
BIT 2 -> BIT 0 
MSB -> LSB 


DESCRIPTION 


XOO 


Sample inputs/toggle outputs (TOPSIP) 


X01 


Pseudo-random pattern generation/40-bit mode (PRPG) 


X10 


Parallel-signature analysis /40-bit mode (PSA) 


011 


Simultaneous PSA and PRPG/20-bit mode (PSA/PRPG) 


111 


Simultaneous PSA and binary count up/20-bit mode (PSA/COUNT) 



While the control input BSCs (bits 47-36) are not included in the toggle, PSA, PRPG, or COUNT algorithms, 
the output-enable BSCs (bits 47-46 of the BSR) control the drive state (active or high impedance) of the 
selected device outp ut pins . These B CR instructions are only valid when the device is operating in one direction 
of data flow (that is, OEAB * OEBA). Otherwise, the bypass instruction is operated. 

sample inputs/toggle outputs (TOPSIP) 

Data appearing at the selected device input-mode I/O pins is captured in the shift-register elements of the 
associated BSCs on each rising edge of TCK. Data in the shift-register elements of the selected output-mode 
BSCs is toggled on each rising edge of TCK, updated in the shadow latches, and applied to the associated 
device I/O pins on each falling edge of TCK. 
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pseudo-random pattern generation (PRPG) 

A pseudo-random pattern is generated in the shift-register elements of the selected BSCs on each rising edge 
of TCK, updated in the shadow latches, and applied to the associated device output-mode I/O pins on each 
falling edge of TCK. Figures 5 and 6 illustrate the 40-bit linear-feedback shift-register algorithms through which 
the patterns are generated. An initial seed value should be scanned into the BSR before performing this 
operation. A seed value of all zeroes does not produce additional patterns. 

A20-I/O A19-I/0 A18-I/0 A17-I/0 A16-I/0 A15-I/0 A14-I/0 A13-I/0 A12-I/0 A11-I/0 



©■!> 



A10-I/O A9-I/0 
-► 



A8-I/0 A7-I/0 A6-I/0 A5-I/0 A4-I/0 A3-I/0 A2-I/0 At-I/O 



©«— €H— 

— ► -i-> — ► 



B20-I/O B19-I/0 B18-I/0 B17-I/0 B16-I/0 B 15- I/O B1 4-1/0 B1 3-1/0 B 12-1/0 B11-I/0 



B10-I/O B9-I/0 B8-I/0 B7-I/0 B6-I/0 B5-I/0 B4-I/0 B3-I/0 B2-I/0 B1-I/0 



Figure 5. 40-Bit PRPG Configuration (OEAB = 0, OEBA = 1) 
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B8-I/0 B7-I/0 B6-I/0 B5-I/0 B4-I/0 B3-I/0 B2-I/0 B1-I/0 
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— > — » 



A20-I/O A19-I/0 A18-I/0 A17-I/0 A16-I/0 A15-I/0 A14-I/0 A13-I/0 A12-I/0 A11-I/0 



©■!> 



A10-I/O A9-I/0 A8-I/0 A7-I/0 A6-I/0 A5-I/0 A4-I/0 A3-I/0 A2-I/0 A1-I/0 



Figure 6. 40-Bit PRPG Configuration (OEAB = 1, OEBA = 0) 
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parallel-signature analysis (PSA) 

Data appearing at the selected device input-mode I/O pins is compressed into a 40-bit parallel signature in the 
shift-register elements of the selected BSCs on each rising edge of TCK. Data in the shadow latches of the 
selected output-mode BSCs remains constant and is applied to the associated device I/O pins. Figures 7 and 8 
illustrate the 40-bit linear-feedback shift-register algorithms through which the signature is generated. An initial 
seed value should be scanned into the BSR before performing this operation. 
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B10-I/O B9-I/0 B8-I/0 B7-I/0 B6-I/0 B5-I/0 B4-I/0 B3-I/0 B2-I/0 B1-I/0 



Figure 7. 40-Bit PSA Configuration (OEAB = 0, OEBA = 1) 



UJ 

> 

LLi 

sr 

Q. 

Y- 
O 

D 

a 
o 

cc 

CL 



^ Texas 
Instruments 

POST OFFICE BOX 655303 • DALLAS. TEXAS 75265 6-87 



SN54LVTH18514, SN54LVTH182514, SN74LVTH18514, SN74LVTH182514 

3.3-V ABT SCAN TEST DEVICES 

WITH 20-BIT UNIVERSAL BUS TRANSCEIVERS 



SCBS670 - AUGUST 1996 



B20-I/O B19-I/0 B18-I/0 B 17-1/0 B1 6-1/0 B1 5-1/0 B 14-1/0 B 13-1/0 B 12-1/0 B1 1-1/0 



© 



§©=!> 

D 
C 

o 

H 
"U 

m 
< 

m 



0 



B10-I/O B9-I/0 

L J. 



© 



© 



© 



►© 



© 



© 



© 



►©— © 



© 



B8-I/0 B7-I/0 B6-I/0 B5-I/0 B4-I/0 B3-I/0 B2-I/0 B 1-1/0 

1 1 i 1 1 1 1 J 



© 



© 



© 



© 



© 



► © 



© 



®* — ©• 



© 



4-> 



A20-I/O A19-I/0 A18-I/0 A17-I/0 A16-I/0 A15-I/0 A14-I/0 A13-I/0 A12-I/0 A11-I/0 



A10-I/O A9-I/0 A8-I/0 A7-I/0 A6-I/0 A5-I/0 A4-I/0 A3-I/0 A2-I/0 A1-I/0 



Figure 8. 40-Bit PSA Configuration (OEAB = 1, OEBA = 0) 
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simultaneous PSA and PRPG (PSA/PRPG) 

Data appearing at the selected device input-mode I/O pins is compressed into a 20-bit parallel signature in the 
shift-register elements of the selected input-mode BSCs on each rising edge of TCK. At the same time, a 20-bit 
pseudo-random pattern is generated in the shift-register elements of the selected output-mode BSCs on each 
rising edge of TCK, updated in the shadow latches, and applied to the associated device I/O pins on each falling 
edge of TCK. Figures 9 and 10 illustrate the 20-bit linear-feedback shift-register algorithms through which the 
signature and patterns are generated. An initial seed value should be scanned into the BSR before performing 
this operation. A seed value of all zeroes does not produce additional patterns. 
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Figure 9. 20-Bit PSA/PRPG Configuration (OEAB = 0, OEBA = 1) 
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Figure 10. 20-Bit PSA/PRPG Configuration (OEAB = 1, OEBA = 0) 
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simultaneous PSA and binary count up (PSA/COUNT) 

Data appearing at the selected device input-mode I/O pins is compressed into a 20-bit parallel signature in the 
shift-register elements of the selected input-mode BSCs on each rising edge of TCK. At the same time, a 20-bit 
binary count-up pattern is generated in the shift-register elements of the selected output-mode BSCs on each 
rising edge of TCK, updated in the shadow latches, and applied to the associated device I/O pins on each falling 
edge of TCK. Figures 11 and 12 illustrate the 20-bit linear-feedback shift-register algorithms through which the 
signature is generated. An initial seed value should be scanned into the BSR before performing this operation. 
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Figure 11. 20-Bit PSA/COUNT Configuration (OEAB = 0, OEBA = 1) 
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Figure 12. 20-Bit PSA/COUNT Configuration (OEAB = 1, OEBA = 0) 
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timing description 

All test operations of the 1VTH18514 and 'LVTH182514 are synchronous to the TCK signal. Data on the TDI, 
TMS, and normal-function inputs is captured on the rising edge of TCK. Data appears on the TDO and 
normal-function output pins on the falling edge of TCK. The TAP controller is advanced through its states (as 
shown in Figure 1) by changing the value of TMS on the falling edge of TCK and then applying a rising edge 
to TCK. 

A simple timing example is shown in Figure 13. In this example, the TAP controller begins in the 
Test-Logic-Reset state and is advanced through its states, as necessary, to perform one instruction-register 
scan and one data-register scan. While in the Shift-IR and Shift-DR states, TDI is used to input serial data, and 
TDO is used to output serial data. The TAP controller is then returned to the Test-Logic-Reset state. Table 5 
describes the operation of the test circuitry during each TCK cycle. 



Table 5. Explanation of Timing Example 



1 wrV 

CYCLE(S) 


TAD QTATP 
IMr OIMI c 

AFTER TCK 


DESCRIPTION 


1 


Test-Logic-Reset 


TMS is changed to a logic 0 value on the falling edge of TCK to begin advancing the TAP controller toward 
the desired state. 


2 


Run-Test/ldle 




3 


Select-DR-Scan 




4 


Select-IR-Scan 




5 


Capture-IR 


The IR captures the 8-bit binary value 10000001 on the rising edge of TCK as the TAP controller exits the 
Capture-IR state. 


6 


Shift-IR 


TDO becomes active and TDI is made valid on the falling edge of TCK. The first bit is shifted into the TAP on 
the rising edge of TCK as the TAP controller advances to the next state. 


7-13 


Shift-IR 


One bit is shifted into the IR on each TCK rising edge. With TDI held at a logic 1 value, the 8-bit binary value 
1 1 1 1 1 1 1 1 is serially scanned into the IR. At the same time, the 8-bit binary value 1 0000001 is serially scanned 
out of the IR via TDO. In TCK cycle 1 3, TMS is changed to a logic 1 value to end the instruction register scan 
on the next TCK cycle. The last bit of the instruction is shifted as the TAP controller advances from Shift-IR 
to Exit1-IR. 


14 


ExitMR 


TDO becomes inactive (goes to the high-impedance state) on the falling edge of TCK. 


15 


Update-IR 


The IR is updated with the new instruction (BYPASS) on the falling edge of TCK. 


16 


Select-DR-Scan 




17 


Capture-DR 


The bypass register captures a logic 0 value on the rising edge of TCK as the TAP controller exits the 
Capture-DR state. 


18 


Shift-DR 


TDO becomes active and TDI is made valid on the falling edge of TCK. The first bit is shifted into the TAP on 
the rising edge of TCK as the TAP controller advances to the next state. 


19-20 


Shift-DR 


The binary value 101 is shifted in via TDI, while the binary value 010 is shifted out via TDO. 


21 


Exit1-DR 


TDO becomes inactive (goes to the high-impedance state) on the falling edge of TCK. 


22 


Update-DR 


In general, the selected data register is updated with the new data on the falling edge of TCK. 


23 


Select-DR-Scan 




24 


Select-IR-Scan 




25 


Test-Logic-Reset 


Test operation completed. 
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™ Jinjumjiruruiruv^^ 



TMS 



TDI 



TDO 



~i_r 



u 
n 



TAP 
Controller 
State 



<8 



<8 



3-State (TDO) or Don't Care (TDI) 

Figure 13. Timing Example 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, Vcc -0-5 V to 4.6 V 

Input voltage range, V| (see Note 1) -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq (see Note 1 ) -0.5 V to 7 V 

Current into any output in the low state, Iq: SN54LVTH1 851 4 96 m A 

SN54LVTH182514(AportorTDO) 96 mA 

SN54LVTH182514(Bport) 30 mA 

SN74LVTH18514 128mA 

SN74LVTH182514(AportorTDO) 128 mA 

SN74LVTH182514(Bport) 30 mA 

Current into any output in the high state, lo (see Note 2): SN54LVTH18514 48 mA 

SN54LVTH182514 (A port or TDO) 48 mA 

SN54LVTH182514(Bport) 30 mA 

SN74LVTH18514 64 mA 

SN74LVTH182514(AportorTDO) 64 mA 

SN74LVTH182514(Bport) 30 mA 

Input clamp current, Iik ( v I < °) -50 mA 

Output clamp current, Iqk (Vrj < 0) -50 mA 

Maximum power dissipation at Ta. = 55°C (in still air) (see Note 3): DGG package 1 W 

Storage temperature range -65°C to 1 50°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1 . The input and output negative-voltage ratings can be exceeded if the input and output clamp-current ratings are observed. 

2. This current only flows when the output is in the high state and Vq > Wqq. 

3. The maximum package power dissipation is calculated using a junction temperature of 1 50°C and a board trace length of 750 mils. 
For more information, refer to the Package Thermal Considerations application note in the ABT Advanced BiCMOS Technology Data 
Book, literature number SCBD002. 
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recommended operating conditions 







SN54LVTH18514 


SN74LVTH18514 


UNIT 






MIN 


MAX 


MIN 


MAX 


Vrr 


Supply voltage 


2.7 


3.6 


2.7 


3.6 


v 


V|H 


High-level input voltage 


2 


2 


V 


V|L 


Low-level input voltage 


0.8 


0.8 


V 


V| 


Input voltage 


5.5 


5.5 


V 


'OH 


High-level output current 


-24 


-32 


mA 


lOL 


Low-level output current 


24 


32 


mA 


IOL+ 


Low-level output current 


48 


64 


mA 


At/Av 


Input transition rise or fall rate Outputs enabled 


10 


10 


ns/V 


T A 


Operating free-air temperature 


-55 


125 


-40 


85 


°C 



t Current duty cycle £ 50%, f > 1 kHz 



5 

LU 

> 
LU 

cr 

Q. 
H 

o 

D 
Q 

O 

CC 
CL 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (see Note 4) 



PARAMETER 


TEST CONDITIONS 


SN54LVTH18514 


SN74LVTH18514 


UNIT 


MIN TYPt MAX 


MIN TYPt MAX 


V|K 


Vcc = 2.7V, l|=-18mA 


-1.2 


-1.2 


V 


VOH 


Vcc = MIN to MAX*, Iqh = -100 \iA 


VcC-0.2 


Vcc-0.2 


V 


V CC = 2.7V, l 0 H=^mA 


2.4 


2.4 


V C C = 3V 


Iqh = -8 mA 


2.4 


2.4 


Iqh = -24 mA 


2 




lOH = -32 mA 




2 


vol 


V C C = 2.7 V 


IOL= 100 jiA 


0.2 


0.2 


V 


'OL " 24 mA 


0.5 


0.5 


V C C = 3V 


lOL = 16 mA 


0.4 


0.4 


lOL = 32 mA 


0.5 


0.5 


lOL = 48 mA 


0.55 




lOL = 64 mA 




0.55 


i, 


Vcc = 3.6 V, V| = Vcc or GND 


CLK, CLKEN, 
LE, TCK 


±1 


±1 


n A 
JIM 


Vcc = 0 or MAX*, V| = 5.5 V 


10 


10 


V C C = 3.6 V 


V| = 5.5 V 


OE, TDI, TMS 


5 


5 


V| = V CC 


1 


1 


V| = 0 


-25 -100 


-25 -100 


V| = 5.5 V 


A or B ports§ 


20 


20 


V| = V CC 


1 


1 


V|-0 


-5 


-5 


'off 


V C c = 0, V|orVQ = 0to4.5V 




±100 


MA 


'l(hold) 11 


V C C = 3V 


V| = 0.8 V 


A or B ports 


75 500 


75 150 500 


HA 


V| = 2V 


-75 -500 


-75 -150 -500 


>OZH 


Vcc = 3.6 V, Vo = 3 V 


TDO 


1 


1 


HA 


lOZL 


Vcc = 3-6 V, Vo = 0.5 V 


TDO 


-1 


-1 


HA 


'OZPII 


V C C = 0to1.5V, Vo = 0.5Vor3V 


TDO 


±50 


±50 


uA 


lOZPD 


VcC = 1-5VtoO, Vo = 0.5Vor3V 


TDO 


±50 


±50 


uA 


'cc 


V C C = 3.6 V, l 0 = 0, 
V| - Vcc or GND 


Outputs high 




3 


mA 


Outputs low 




30 


Outputs disabled 




3 


Alcc # 


Vcc = 3 V to 3.6 V, One input at Vcc - 0.6 V, 
Other inputs at Vcc or GND 


0.5 


0.5 


mA 


Cj 


V| » 3 V or 0 


4 


4 


pF 


Cj 0 


Vq = 3 V or 0 


10 


10 


PF 


Co 


Vq = 3 V or 0 


8 


8 


PF 



t All typical values are at Vcc = 3.3 V, Ta = 25°C 
t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
§ Unused pins at Vcc or GND 

H The parameter I|(hoId) includes the off-state output leakage current. 

# This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or END- 
NOTE 4: Product preview specifications are design goals only and are subject to change without notice. 
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timinq requirements over recommended operating free-air temperature range (unless otherwise 
noted) (normal mode) (see Note 4 and Figure 14) 





SN54LVTH18514 


SN74LVTH18514 


UNIT 


Vcc = 3.3 V 
±0.3 V 


V CC = 2.7V 


Vcc = 3.3 V 
±0.3 V 


V C C = 2.7 V 


MIN MAX 


MIN MAX 


MIN MAX 


MIN MAX 


'clock Clock frequency 


CLKAB or CLKBA 






0 100 




MHz 


t w Pulse duration 


CLKAB or CLKBA high or low 






4.4 




ns 


LEAB or LEBA high 






3 




t su Setup time 


A before CLKABt or 
B before CLKBAt 






2.4 




ns 


A before LEABl or 
B before LEBA-l 


CLK high 






1.5 




CLK low 






1.6 




CLKEN before CLKT 






2.8 




t n Hold time 


A after CLKABT 






1 




ns 


B after CLKBAT 






1.4 




A after LEABl or B after LEBA-L 






3.1 




CLKEN after CLKT 






0.7 





timing requirements over recommended operating free-air temperature range (unless otherwise 
noted) (test mode) (see Note 4 and Figure 14) 







SN54LVTH18514 


SN74LVTH18514 








Vcc = 3.3 V 
±0.3V 


Vcc = 2.7 V 


Vcc = 3.3 V 
±0.3V 


Vcc = 2.7 V 


UNIT 






MIN MAX 


MIN MAX 


MIN MAX 


MIN MAX 




'clock Clock frequency 


TCK 






0 50 




MHz 


t w Pulse duration 


TCK high or low 






9.5 




ns 


t su Setup time 


A, B, CLK, CLKEN, LE, orOE 
before TCKT 






6.5 






TDI before TCKT 






2.5 




ns 




TMS before TCKT 






2.5 






t n Hold time 


A, B, CLK, CLKEN, LE, orOE 
after TCKT 






1.5 






TDI after TCKT 






1.5 




ns 




TMS after TCKT 






1.5 






td Delay time 


Power up to TCKT 






50 




ns 


t r Rise time 


Vcc power up 






1 







NOTE 4: Product preview specifications are design goals only and are subject to change without notice. 
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switching characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (normal mode) (see Note 4 and Figure 14) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


SN54LVTH18514 


SN74LVTH18514 


UNIT 


Vcc = 3-3 V 
±0.3V 


V C C = 27 V 


Vcc = 3-3 V 
±0.3V 


V C C = 2.7 V 


MIN MAX 


MIN MAX 


MIN MAX 


MIN MAX 


'max 


CLKAB or CLKBA 








100 




MHz 


tPLH 


A or B 


B or A 






1.5 5.1 




ns 


tPHL 






1.5 5.1 




tPLH 


CLKAB 








1.5 5.8 






tPHL 






1.5 5.8 




tPLH 


CLKBA 


A 






1.5 6.4 




ns 


tPHL 






1.5 6.4 




tPLH 


LEAB or LEBA 


Bor A 






2 8.1 




ns 


tPHL 






2 6.7 




tPZH 




BorA 






2 9.1 




ns 


tPZL 


OEAB or OEBA 






2v 9.6 




tPHZ 




Bor A 






2.5 10.4 




ns 


*PLZ 


OEAB or OEBA 






2.5 9.1 





switching characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (test mode) (see Note 4 and Figure 14) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


SN54LVTH18514 


SN74LVTH1854 


UNIT 


V C C = 3.3 V 
±0.3V 


V C C = 2.7 V 


V C C = 3.3 V 
±0.3V 


V C C = 2.7 V 


MIN MAX 


MIN MAX 


MIN MAX 


MIN MAX 


'max 


TCK 








50 




MHz 


tPLH 


TCKi 


AorB 






2.5 14 




ns 


tPHL 






2.5 14 




tPLH 


TCKi 


TDO 






1 5.5 




ns 


tPHL 






1.5 6.5 




tPZH 


TCKi 


AorB 






4 17 




ns 


tPZL 






4 17 




tPZH 


TCKi 


TDO 






1 5.5 




ns 


tPZL 






1.5 5.5 




tPHZ 


TCKi 


AorB 






4 18 




ns 


tPLZ 






4 17 




tPHZ 


TCKi 


TDO 






1.5 7 




ns 


tPLZ 






1.5 7 





NOTE 4: Product preview specifications are design goals only and are subject to change without notice. 
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recommended operating conditions 









SN54LVTH182514 


SN74LVTH182514 


UNIT 








MIN 


MAX 


MIN 


MAX 


vcc 


Supply voltage 




2.7 


3.6 


2.7 


3.6 


V 


V|H 


High-level input voltage 




2 


2 


V 


V||_ 


Low-level input voltage 




0.8 


0.8 


V 


V| 


Input voltage 




5.5 


5.5 


V 


lOH 


High-level output current 


A port, TDO 


-24 


-32 


mA 


B port 


-12 


-12 


lOL 


Low-level output current 


A port, TDO 


24 


32 


mA 


Bport 


12 


12 


lOL* 


Low-level output current 


A port, TDO 


48 


64 


mA 


At/Av 


Input transition rise or fall rate 


Outputs enabled 


10 


10 


ns/V 


ta 


Operating free-air temperature 




-55 


125 


-40 


85 


°C 



t Current duty cycle s 50%, f > 1 kHz 



UJ 

> 

111 

cc 

Q. 

O 
O 

o 

CL 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (see Note 4) 



PARAMETER 


TEST CONDITIONS 


SN54LVTH182514 


SN74LVTH182514 


UNIT 


MIN TYPt MAX 


MIN TYPt MAX 


V|K 


Vcc = 2.7V, l|=-18mA 


-1.2 


-1.2 


V 


VOH 


Vcc = MINtoMAX : t : 1 loH="100nA 


A, B, TDO 


VcC-0.2 


VcC-0.2 


V 


V C C = 2.7V, l 0 H=-3mA 


a port, I UU 


2.4 


2.4 


V C C = 3V 


lOH = -8 mA 


2.4 


2.4 


Iqh = -24 mA 


2 




lOH = -32 mA 




2 


l 0 H=-12mA 


Bport 


2 


2 


vol 


V C C = 2.7V 


IOL= 1 00 nA 


A, B, TDO 


0.2 


0.2 


V 


l0L = 24 mA 


A port, TDO 


0.5 


0.5 


V C C = 3V 


IOL= 16 mA 


0.4 


0.4 


lOL = 32 mA 


0.5 


0.5 


lOL = 48 mA 


0.55 




lOL = 64 mA 




0.55 


Iql = 12 mA 


Bport 


0.8 


0.8 


i, 


Vcc = 3.6 V, V| = Vcc or GND 


CLK, CLKEN, 
LE, TCK 


±1 


±1 


ii A 


V C c = 0 or MAX*, V| = 5.5 V 


10 


10 


V C C - 3.6 V 


V| = 5.5 V 


OE, TDI, TMS 


5 


5 


V| = V CC 


1 


1 


V| = 0 


-25 -100 


-25 -100 


V| = 5.5 V 


A or B ports§ 


20 


20 


V|=V CC 


1 


1 


V| = 0 


-5 


-5 


'off 


Vcc = 0. V| or Vq = 0 to 4.5 V 




±100 


jiA 


hfhold) 11 


V C C = 3V 


V| = 0.8 V 


A or B ports 


75 500 


75 150 500 


HA 


V| = 2V 


-75 -500 


-75 -150 -500 


'OZH 


V C C = 3.6 V, Vo = 3 V 


TDO 


1 


1 


HA 


>OZL 


Vcc = 3.6 V, Vo = 0.5 V 


TDO 


-1 


-1 


uA 


'OZPU 


Vcc = 0 to 1.5 V, Vo = 0.5Vor3V 


TDO 


±50 


±50 


uA 


'OZPD 


Vcc = 1-5VtoO, V O = 0.5Vor3V 


TDO 


±50 


±50 


HA 


ice 


Vcc = 3.6 V, Iq = 0, V| = V C C or GND 


Outputs high 




3 


mA 


Outputs low 




30 


Outputs disabled 




3 


Alcc # 


Vcc = 3 V to 3.6 V, One input at Vcc - 0.6 V, 
Other inputs at Vcc or G ND 


0.5 


0.5 


mA 


Cj 


V| = 3 V or 0 


4 


4 


PF 


Cjo 


V 0 = 3 V or 0 


10 


10 


PF 


C 0 


Vq = 3 V or 0 


8 


8 


PF 



rvti i/yi^ai vaiUco ale ai VCC " °'° v » 'A " °" 

t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
§ Unused pins at Vcc or G ND 

^ The parameter l|(hold) includes the off-state output leakage current. 

#This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND - 
NOTE 4: Product preview specifications are design goals only and are subject to change without notice. 
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timing requirements over recommended operating free-air temperature range (unless otherwise 
noted) (normal mode) (see Note 4 and Figure 14) 





SN54LVTH182514 


SN74LVTH182514 


UNIT 


V C C = 3.3V 
±0.3V 


V C C = 2.7 V 


V C C = 3.3 V 
±0.3V 


V C C = 2.7 V 


MIN MAX 


MIN MAX 


MIN MAX 


MIN MAX 


'clock Clock frequency 


CLKAB or CLKBA 






0 100 




MHz 


t w Pulse duration 


CLKAB or CLKBA high or low 






4.4 




ns 


LEAB or LEBA high 






3 




t su Setup time 


A before CLKABt or 
B before CLKBAt 






2.8 




ns 


A before LEABl or 
B before LEBAi 


CLKhigh 






1.5 




CLK low 






1.6 




CLKEN before CLKT 






2.8 




t n Hold time 


A after CLKABt or 
B after CLKBAt . 






1.4 




ns 


A after LEABl or B after LEBA-l 






3.1 




CLKEN after CLKT 






0.7 





timing requirements over recommended operating free-air temperature range (unless otherwise 
noted) (test mode) (see Note 4 and Figure 14) 







SN54LVTH182514 


SN74LVTH182514 








Vqc = 3.3 V 
±0.3V 


Vcc = 2.7 V 


V C C = 3.3 V 
+ 0.3V 


V C C = 2.7 V 


UNIT 






MIN MAX 


MIN MAX 


MIN MAX 


MIN MAX 




'clock Clock frequency 


TCK 






0 50 




MHz 


t w Pulse duration 


TCK high or low 






9.5 




ns 


t su Setup time 


A, B, CLK, CLKEN, LE, or OE 
before TCKt 






6.5 






TDI before TCKt 






2.5 




ns 




TMS before TCKt 






2.5 






th Hold time 


A, B, CLK, CLKEN, LE, orOE 
after TCKt 






1.5 






TDI after TCKt 






1.5 




ns 




TMS after TCKt 






1.5 






t,j Delay time 


Power up to TCKt 






50 




ns 


t r Rise time 


Vcc power up 






1 




us 



NOTE 4: Product preview specifications are design goals only and are subject to change without notice. 
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switching characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (normal mode) (see Note 4 and Figure 14) 









SN54LVTH182514 


SN74LVTH182514 




PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


VQQ — O.O V 

±0.3V 


V C C = 2.7 V 


V C C = 3.3 V 
±0.3V 


V C C = 2.7 V 


UNIT 








MIN MAX 


MIN MAX 


MIN 


MAX 


MIN MAX 




'max 


CLKAB or CLKBA 








100 




MHz 


*PLH 


A 


B 






1.5 


5.9 




ns 


tpHL 






1.5 


5.9 




tPLH 


B 


A 






1.5 


5.1 




ns 


tpHL 






1.5 


5.1 




tPLH - 


CLKAB 


B 






1.5 


6.7 




ns 


tPHL 






1.5 


6.7 




tPLH 


CLKBA 


A 






1.5 


6.4 




ns 


tPHL 






1.5 


6.4 




tPLH 


LEAB 


B 






2 


8.2 




ns 


'PHL 






2 


6.7 




tPLH 


LEBA 


A 






2 


8.1 




ns 


'PHL 






2 


6.7 




tpZH 


OEAB or OEBA 


BorA 






2 


9.5 




ns 


'PZL 






2 


9.7 




tPHZ 


OEAB or OEBA 


BorA 






2.5 


11.1 




ns 


tPLZ 






2.5 


9.8 





switching characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (test mode) (see Note 4 and Figure 14) 









SN54LVTH182514 


SN74LVTH182514 




PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V C C = 3.3 V 
±0.3V 


V C C = 2.7V 


V CC = 3.3V 
±0.3V 


V C C = 2.7V 


UNIT 








MIN MAX 


MIN MAX 


MIN 


MAX 


MIN MAX 




'max 


TCK 








50 




MHz 


*PLH 


TCKi 


AorB 






2.5 


14 




ns 


tPHL 






2.5 
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NOTE 4: Product preview specifications are design goals only and are subject to change without notice. 
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(see Note B) 
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NOTES: A. C[_ includes probe and jig capacitance. 

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

C. All input pulses are supplied by generators having the following characteristics: PRR< 10 MHz, Zq = 50 Q, t r <2.5 ns, tf <2.5 ns. 

D. The outputs are measured one at a time with one transition per measurement. 



Figure 14. Load Circuit and Voltage Waveforms 
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• Members of the Texas Instruments 
SCOPE™ Family of Testability Products 

• Members of the Texas Instruments 
Widebus™ Family 

• State-of-the-Art 3.3-V ABT Design Supports 
Mixed-Mode Signal Operation (5-V Input 
and Output Voltages With 3.3-V V cc ) 

o Support Unregulated Battery Operation 
Down to 2.7 V 

• UBT™ (Universal Bus Transceiver) 
Combines D-Type Latches and D-Type 
Flip-Flops for Operation in Transparent, 
Latched, or Clocked Mode 

• Provide Multiplexed Transmission of 
Stored and Real-Time Data 

o Bus Hold on Data Inputs Eliminates the 
Need for External Puilup Resistors 

o B-Port Outputs of 'LVTH182516 Devices 
Have Equivalent Series Resistors, So 
No External Resistors Are Required 

o Compatible With the IEEE Standard 
1149.1-1990 (JTAG) Test Access Port and 
Boundary-Scan Architecture 

© SCOPE™ Instruction Set 

- IEEE Standard 1149.1-1990 Required 
Instructions and Optional CLAMP and 
HIGHZ 

- Parallel-Signature Analysis at Inputs 

- Pseudo-Random Pattern Generation 
From Outputs 

- Sample Inputs/Toggle Outputs 

- Binary Count From Outputs 

- Device Identification 

- Even-Parity Opcodes 

© Packaged In 64-Pln Plastic Thin Shrink 
Small-Outline (DGG), 64-Pin Ceramic Dual 
Flat (HKC), and 68-Pin Ceramic Quad Flat 
(HV) Packages 



SN54LVTH18516, SN54LVTH182516 . . . HKC PACKAGE 
SN74LVTH18516, SN74LVTH182516 . . . DGG PACKAGE 
(TOP VIEW) 
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SN54LVTH18516, SN54LVTH182516 . 

fTOP VIEW) 
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NC - No internal connection 



description 

The 'LVTH18516 and 'LVTH182516 scan test devices with 18-bit bus transceivers are members of the Texas 
Instruments SCOPE™ testability integrated-circuit family. This family of devices supports IEEE Standard 
1149.1-1990 boundary scan to facilitate testing of complex circuit-board assemblies. Scan access to the test 
circuitry is accomplished via the 4-wire test access port (TAP) interface. 

Additionally, these devices are designed specifically for low-voltage (3.3-V) V<x operation, but with the 
capability to provide a TTL interface to a 5-V system environment. 

In the normal mode, these devices are 1 8-bit universal bus transceivers that combine D-type latches and D-type 
flip-flops to allow data flow in transparent, latched, or clock modes and that also allow for multiplexed 
transmission of data directly from the input bus or from the internal registers. The test circuitry can be activated 
by the TAP to take snapshot samples of the data appearing at the device pins or to perform a self test on the 
boundary-test cells. Activating the TAP in the normal mode does not affect the functional operation of the 
SCOPE™ universal bus transceivers. 
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description (continued) 



Data flow in each direction is controlled by latch-enable (LEAB and LEBA), cloc k-enab le ( CLKEN AB and 
CLKENBA), clock (CLKAB and CLKBA), select (SAB and SBA), and output-enable (OEAB and OEBA) inputs. 
For A-to-B data flow, the device regi sters opera te in the transparent mode when LEAB is high. When LEAB is 
low, the A-bus data is latche d while CLK ENAB is high and/or CLKAB is held at a static low or high logic level. 
Otherwise, if LEAB is low and CLKENAB is low, A-bus data is stored on a low-to-high transition of CLKAB. When 
SAB is low, real-time A data is selected for presentation to the B bus (real-time dat a mode ). When SAB is high, 
stored A-data is s elected for presentation to the B bus (stored data mode). When OEAB is low, the B outputs 
are active. When OEAB is high, the B outputs a re in the high-impe dance state. B-to-A data flow is similar to 
A-to-B data flow but uses the LEBA, CLKENBA, CLKBA, SBA, and OEBA inputs. Figure 1 illustrates the four 
fundamental bus-management functions that are performed with the 'LVTH18516 and 'LVTH182516. 

In the test mode, the normal operation of the SCOPE™ universal bus transceivers is inhibited, and the test 
circuitry is enabled to observe and control the I/O boundary of the device. When enabled, the test circuitry 
performs boundary-scan test operations according to the protocol described in IEEE Standard 1149.1-1990. 

Four dedicated test pins are used to observe and control the operation of the test circuitry: test data input (TDI), 
test data output (TDO), test mode select (TMS), and test clock (TCK). Additionally, the test circuitry performs 
other testing functions such as parallel-signature analysis (PSA) on data inputs and pseudo-random pattern 
generation (PRPG) from data outputs. All testing and scan operations are synchronized to the TAP interface. 

Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logic level. 

The B-port outputs of 'LVTH182516, which are designed to source or sink up to 12 mA, include 25-Q, series 
resistors to reduce overshoot and undershoot. 

The SN74LVTH18516 and SN74LVTH182516 are available in Tl's thin shrink small-outline (DGG) package, 
which provides twice the I/O pin count and functionality of standard small-outline packages in the same 
printed-circuit-board area. 

The SN54LVTH1 851 6 and SN54LVTH1 8251 6 are characterized for operation over the full military temperature 
range of -55°C to 125°C. The SN74LVTH18516 and SN74LVTH182516 are characterized for operation from 
-40°C to 85°C. 



FUNCTION TABLET 
(normal mode, each register) 



OEAB SAB 



INPUTS 



LEAB CLKENAB CLKAB 



OUTPUT 
B 



OPERATION OR FUNCTION 



Z 
L 
H 

Qao* 

Unspecified§ 
Unspecified§ 
Unspecified§ 
Unspecified§ 



Isolation 
Real-time A data to B bus 
Real-time A data to B bus 
Stored A data to B bus 
Store A data 

(A-*Q A ) 
Store A data 

(A->Q A ) 
Hold A data 

(Qao-»Qa) 

Hold A data 

(Qao->Qa) 



t A-to-B data flow is shown. B-to-A data flow is similar but uses OEBA, SBA, LEBA, CLKENBA, and CLKBA. 
* Output level of internal register before the indicated steady-state input conditions are established. 

§The data output functions are enabled or disabled by various signals at the OE and S inputs. Data input functions are always enabled. 
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Figure 1. Bus-Management Functions 
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functional block diagram 
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Pin numbers shown are for the DGG and HKC packages. 
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Terminal Functions 


TERMINAL NAME 


DESCRIPTION 


A1-A18 


Normal-function A-bus I/O ports. See function table for normal-mode logic. 


B1-B18 


Normal-function B-bus I/O ports. See function table for normal-mode logic. 


CLKAB, CLKBA 


Normal-function clock inputs. See function table for normal-mode logic. 


CLKENAB, 
CLKENBA 


Normal-function clock enables. See function table for normal-mode logic. 


GND 


Ground 


LEAB, LEBA 


Normal-function latch enables. See function table for normal-mode logic. 


OEAB, OEBA 


Normal-function active-low output enables. See function table for normal-mode logic. An internal pullup at each terminal 
will force the terminal to a high level if left unconnected. 


SAB, SBA 


Normal-function select controls. See function table for normal-mode logic. 


TCK 


Test clock. One of fourterminals required by IEEE Standard 1 1 49.1-1 990. Test operations of the device are synchronous 
TCK. Data is captured on the rising edge of TCK and outputs change on the falling edge of TCK. 


TDI 


Test data input. One of fourterminals required by IEEE Standard 1149.1-1990. TDI is the serial input for shifting data 
through the instruction register or selected data register. An internal pullup forces TDI to a high level if left unconnected. 


TDO 


Test data output. One of four terminals required by I EEE Standard 1 1 49.1 -1 990. TDO is the serial output for shifting data 
through the instruction register or selected data register. 


TMS 


Test mode select. One of fourterminals required by IEEE Standard 1 1 49. 1-1 990. TMS directs the device through its TAP 
controller states. An internal pullup forces TMS to a high level if left unconnected. 


vcc 


Supply voltage 
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test architecture 

Serial-test information is conveyed by means of a 4-wire test bus or TAP that conforms to IEEE Standard 
1149.1-1990. Test instructions, test data, and test control signals all are passed along this serial-test bus. The 
TAP controller monitors two signals from the test bus, TCK and TMS. The TAP controller extracts the 
synchronization (TCK) and state control (TMS) signals from the test bus and generates the appropriate on-chip 
control signals for the test structures in the device. Figure 2 shows the TAP-controller state diagram. 

The TAP controller is fully synchronous to the TCK signal. Input data is captured on the rising edge of TCK and 
output data changes on the falling edge of TCK. This scheme ensures data to be captured is valid for fully 
one-half of the TCK cycle. 

The functional block diagram shows the IEEE Standard 1149.1-1990 4-wire test bus and boundary-scan 
architecture and the relationship among the test bus, the TAP controller, and the test registers. As shown, the 
device contains an 8-bit instruction register and four test-data registers: a 46-bit boundary-scan register, a 3-bit 
boundary-control register, a 1 -bit bypass register, and a 32-bit device-identification register. 
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Figure 2. TAP-Controller State Diagram 
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state diagram description 

The TAP controller is a synchronous finite state machine that provides test control signals throughout the device. 
The state diagram shown in Figure 2 is in accordance with IEEE Standard 1149.1-1990. The TAP controller 
proceeds through its states based on the level of TMS at the rising edge of TCK. 

As shown, the TAP controller consists of 1 6 states. There are six stable states (indicated by a looping arrow in 
the state diagram) and ten unstable states. A stable state is defined as a state the TAP controller can retain for 
consecutive TCK cycles. Any state that does not meet this criterion is an unstable state. 

There are two main paths through the state diagram: one to access and control the selected data register and 
one to access and control the instruction register. Only one register can be accessed at a time. 

Test-Logic-Reset 

The device powers up in the Test-Logic-Reset state. In the stable Test-Logic-Reset state, the test logic is reset 
and is disabled so that the normal logic function of the device is performed. The instruction register is reset to 
an opcode that selects the optional IDCODE instruction, if supported, or the BYPASS instruction. Certain data 
registers can also be reset to their power-up values. 

The state machine is constructed such that the TAP controller returns to the Test-Logic-Reset state in no more 
than five TCK cycles if TMS is left high. The TMS pin has an internal pullup resistor that forces it high if left 
unconnected or if a board defect causes it to be open circuited. 

For the 'LVTH18516 and 'LVTH182516, the instruction register is reset to the binary value 10000001 , which 
selects the IDCODE instruction. Bits 45-44 are reset to logic 1 , ensuring that these cells, which control A-port 
and B-port outputs, are set to benign values (i.e., such that if test mode were invoked the outputs would be at 
high-impedance state). Reset values of other bits in the boundary-scan register should be considered 
indeterminate. The boundary-control register is reset to the binary value 010, which selects the PSA test 
operation. 

Run-Test/Idle 

The TAP controller must pass through the Run-Test/Idle state (from Test-Logic-Reset) before executing any test 
operations. The Run-Test/Idle state also can be entered following data-register or instruction-register scans. 
Run-Test/Idle is a stable state in which the test logic can be actively running a test or can be idle. The test 
operations selected by the boundary-control register are performed while the TAP controller is in the 
Run-Test/Idle state. 

Select-DR-Scan, Select-IR-Scan 

No specific function is performed in the Select-DR-Scan and Select-IR-Scan states, and the TAP controller exits 
either of these states on the next TCK cycle. These states allow the selection of either data-register scan or 
instruction-register scan. 

Capture-DR 

When a data-register scan is selected, the TAP controller must pass through the Capture-DR state. In the 
Capture-DR state, the selected data register can capture a data value as specified by the current instruction. 
Such capture operations occur on the rising edge of TCK, upon which the TAP controller exits the Capture-DR 
state. 

Shift-DR 

Upon entry to the Shift-DR state, the data register is placed in the scan path between TDI and TDO, and on the 
first falling edge of TCK, TDO goes from the high-impedance state to an active state. TDO enables to the logic 
level present in the least-significant bit of the selected data register. 
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Shift-DR (continued) 

While in the stable Shift-DR state, data is serially shifted through the selected data register on each TCK cycle. 
The first shift occurs on the first rising edge of TCK after entry to the Shift-DR state (i.e., no shifting occurs during 
the TCK cycle in which the TAP controller changes from Capture-DR to Shift-DR or from Exit2-DR to Shift-DR). 
The last shift occurs on the rising edge of TCK, upon which the TAP controller exits the Shift-DR state. 

Exit1-DR, Exit2-DR 

The Exit1-DR and Exit2-DR states are temporary states that end a data-register scan. It is possible to return 
to the Shift-DR state from either Exit1-DR or Exit2-DR without recapturing the data register. On the first falling 
edge of TCK after entry to Exit1-DR, TDO goes from the active state to the high-impedance state. 

Pause-DR 

No specific function is performed in the stable Pause-DR state, in which the TAP controller can remain 
indefinitely. The Pause-DR state suspends and resumes data-register scan operations without loss of data. 

Update-DR 

If the current instruction calls for the selected data register to be updated with current data, such update occurs 
on the falling edge of TCK, following entry to the Update-DR state. 

Capture-IR 

When an instruction-register scan is selected, the TAP controller must pass through the Capture-IR state. In 
the Capture-IR state, the instruction register captures its current status value. This capture operation occurs 
on the rising edge of TCK, upon which the TAP controller exits the Capture-IR state. For the 'LVTH18516 and 
'LVTH1 8251 6, the status value loaded in the Capture-IR state is the fixed binary value 1 0000001 . 

Shift-IR 

Upon entry to the Shift-IR state, the instruction register is placed in the scan path between TDI and TDO, and 
on the first falling edge of TCK, TDO goes from the high-impedance state to the active state. TDO enables to 
the logic level present in the least-significant bit of the instruction register. 

While in the stable Shift-IR state, instruction data is serially shifted through the instruction register on each TCK 
cycle. The first shift occurs on the first rising edge of TCK after entry to the Shift-IR state (i.e., no shifting occurs 
during the TCK cycle in which the TAP controller changes from Capture-IR to Shift-IR or from Exit2-IR to 
Shift-IR). The last shift occurs on the rising edge of TCK, upon which the TAP controller exits the Shift-IR state. 

ExiM-lR, Exit2-IR 

The Exit1-IR and Exit2-IR states are temporary states that end an instruction-register scan. It is possible to 
return to the Shift-IR state from either Exit1-IR or Exit2-IR without recapturing the instruction register. On the 
first falling edge of TCK after entry to Exit1-IR, TDO goes from the active state to the high-impedance state. 

Pause-IR 

No specific function is performed in the stable Pause-IR state, in which the TAP controller can remain 
indefinitely. The Pause-IR state suspends and resumes instruction-register scan operations without loss of 
data. 

Update-IR 

The current instruction is updated and takes effect on the falling edge of TCK, following entry to the Update-IR 
state. 
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register overview 

With the exception of the bypass and device-identification registers, any test register can be thought of as a 
serial-shift register with a shadow latch on each bit. The bypass and device identification registers differ in that 
they contain only a shift register. During the appropriate capture state (Capture-IR for instruction register, 
Capture-DR for data registers), the shift register can be parallel loaded from a source specified by the current 
instruction. During the appropriate shift state (Shift-IR or Shift-DR), the contents of the shift register are shifted 
out from TDO while new contents are shifted in at TDI. During the appropriate update state (Update-IR or 
Update-DR), the shadow latches are updated from the shift register. 

instruction register description 

The instruction register (IR) is eight bits long and tells the device what instruction is to be executed. Information 
contained in the instruction includes the mode of operation (either normal mode, in which the device performs 
its normal logic function, ortest mode, in which the normal logic function is inhibited or altered), the test operation 
to be performed, which of the four data registers is to be selected for inclusion in the scan path during 
data-register scans, and the source of data to be captured into the selected data register during Capture-DR. 

Table 3 lists the instructions supported by the 'LVTH1 851 6 and 'LVTH1 8251 6. The even-parity feature specified 
for SCOPE™ devices is supported in this device. Bit 7 of the instruction opcode is the parity bit. Any instructions 
that are defined for SCOPE™ devices but are not supported by this device default to BYPASS. 

During Capture-IR, the IR captures the binary value 1 0000001 . As an instruction is shifted in, this value is shifted 
out via TDO and can be inspected as verification that the IR is in the scan path. During Update-IR, the value 
that has been shifted into the IR is loaded into shadow latches. At this time, the current instruction is updated 
and any specified mode change takes effect. At power up or in the Test-Logic-Reset state, the IR is reset to the 
binary value 1 0000001 , which selects the IDCODE instruction. The IR order of scan is shown in Figure 3. 





Bit 7 




























BitO 
(LSB) 


TDI — ► 


Parity 
(MSB) 


— ► 
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— ► 


Bit 5 
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Bit 4 


— ► 
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— ► 


Bit 2 


— ► 


Bin 


— * 



Figure 3. Instruction Register Order of Scan 



Texas 
Instruments 

6-1 1 4 POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 



SN54LVTH18516, SN54LVTH182516, SN74LVTH18516, SN74LVTH182516 

3.3-V ABT SCAN TEST DEVICES 
WITH 18-BIT UNIVERSAL BUS TRANSCEIVERS 

SCBS672A- AUGUST 1996 -REVISED DECEMBER 1996 



data register description 
boundary-scan register 

The boundary-scan register (BSR) is 46 bits long. It contains one boundary-scan cell (BSC) for each 
normal-function input pin and one BSC for each normal-function I/O pin (one single cell for both input data and 
output data). The BSR is used 1) to store test data that is to be applied externally to the device output pins, 
and/or 2) to capture data that appears internally at the outputs of the normal on-chip logic and/or externally at 
the device input pins. 

The source of data to be captured into the BSR during Capture-DR is determined by the current instruction. The 
contents of the BSR can change during Run-Test/Idle, as determined by the current instruction. At power up 
or in Test-Logic-Reset, BSCs 45-44 are reset to logic 1 , ensuring that these cells, which control A-port and 
B-port outputs, are set to benign values (i.e., if test mode were invoked the outputs would be at high-impedance 
state). Reset values of other BSCs should be considered indeterminate. 

The BSR order of scan is from TDI through bits 45-0 to TDO. Table 1 shows the BSR bits and their associated 
device pin signals. 



Table 1. Boundary-Scan Register Configuration 



BSR BIT 
NUMBER 


DEVICE 
SIGNAL 


BSR BIT 
NUMBER 


DEVICE 
SIGNAL 


BSR BIT 
NUMBER 


DEVICE 
SIGNAL 


45 


OEAB 


35 


A18-I/0 


17 


B18-I/0 


44 


OEBA 


34 


A17-I/0 


16 


B 17-1/0 


43 


LEAB 


33 


A16-I/0 


15 


B 16-1/0 


42 


LEBA 


32 


A15-I/0 


14 


B1 5-1/0 


41 


CLKENAB 


31 


A14-I/0 


13 


B14-I/0 


40 


CLKENBA 


30 


A13-I/0 


12 


B13-I/0 


39 


CLKAB 


29 


A12-I/0 


11 


B12-I/0 


38 


CLKBA 


28 


A1 1-1/0 


10 


B1 1-1/0 


37 


SAB 


27 


A10-I/O 


9 


B10-I/O 


36 


SBA 


26 


A9-I/0 


8 


B9-I/0 






25 


A8-I/0 


7 


B8-I/0 






24 


A7-I/0 


6 


B7-I/0 






23 


A6-I/0 


5 


B6-I/0 






22 


A5-I/0 


4 


B5-I/0 






21 


A4-I/0 


3 


B4-I/0 






20 


A3-I/0 


2 


B3-I/0 






19 


A2-I/0 


1 


B2-I/0 






18 


A1-I/0 


0 


BM/O 
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boundary-control register 

The boundary-control register (BCR) is three bits long. The BCR is used in the context of the RUNT instruction 
to implement additional test operations not included in the basic SCOPE™ instruction set. Such operations 
include PRPG, PSA, and binary count up (COUNT). Table 4 shows the test operations that are decoded by the 
BCR. 

During Capture-DR, the contents of the BCR are not changed. At power up or in Test-Logic-Reset, the BCR is 
reset to the binary value 01 0, which selects the PSA test operation. The BCR order of scan is shown in 
Figure 4. 
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Figure 4. Boundary-Control Register Order of Scan 

bypass register 

The bypass register is a 1-bit scan path that can be selected to shorten the length of the system scan path, 
reducing the number of bits per test pattern that must be applied to complete a test operation. During 
Capture-DR, the bypass register captures a logic 0. The bypass register order of scan is shown in 
Figure 5. 



TDI 





BitO 




► 


► 



-> TDO 



Figure 5. Bypass Register Order of Scan 
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device-identification register 

The device-identification register (IDR) is 32 bits long. It can be selected and read to identify the manufacturer, 
part number, and version of this device. 

For the 'LVTH18516, the binary value 00000000000000111111000000101111 (0003F02F, hex) is captured 
(during Capture-DR state) in the device-identification register to identify this device as Texas Instruments 
SN54/74LVTH18516. 

For the 'LVTH182516, the binary value 00000000000001000000000000101111 (0004002F, hex) is captured 
(during Capture-DR state) in the device-identification register to identify this device as Texas Instruments 
SN54/74LVTH182516. 

The device-identification register order of scan is from TDI through bits 31-0 to TDO. Table 2 shows the 
device-identification register bits and their significance. 



Table 2. Device-Identification Register Configuration 



IDR BIT 
NUMBER 


IDENTIFICATION 
SIGNIFICANCE 


IDR BIT 
NUMBER 


IDENTIFICATION 
SIGNIFICANCE 


IDR BIT 
NUMBER 


IDENTIFICATION 
SIGNIFICANCE 


31 


VERSION3 


27 


PARTNUMBER15 


11 


MANUFACTURER^ 


30 


VERSION2 


26 


PARTNUMBER14 


10 


MANUFACTURER09T 


29 


VERSION1 


25 


PARTNUMBER13 


9 


MANUFACTURER08T 


28 


VERSION0 


24 


PARTNUMBER12 


8 


MANUFACTURER07T 






23 


PARTNUMBER11 


7 


MANUFACTURER06T 






22 


PARTNUMBER10 


6 


MANUFACTURER05T 






21 


PARTNUMBER09 


5 


MANUFACTURER04T 






20 


PARTNUMBER08 


4 


MANUFACTURER03T 






19 


PARTNUMBER07 


3 


MANUFACTURER02T 






18 


PARTNUMBER06 


2 


MANUFACTURERS t 






17 


PARTNUMBER05 


1 


MANUFACTURER00T 






16 


PARTNUMBER04 


0 


LOGIC1T 






15 


PARTNUMBER03 










14 


PARTNUMBER02 










13 


PARTNUMBER01 










12 


PARTNUMBER00 







t Note that tor Tl products, bits 11-0 of the device-identification register always contain the binary value 000000101111 
(02F, hex). 
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instruction-register opcode description 

The instruction-register opcodes are shown in Table 3. The following descriptions detail the operation of each 
instruction. 



Table 3. Instruction-Register Opcodes 



BINARY CODEt 
BIT 7-> BIT 0 
MSB -> LSB 


SCOPE OPCODE 


DESCRIPTION 


gCLCw 1 CU UM 1 M 

REGISTER 


MODE 


00000000 


EXTEST 


Boundary scan 


Boundary scan 


Test 


10000001 


IDCODE 


Identification read 


Device identification 


Normal 


10000010 


SAMPLE/PRELOAD 


Sample boundary 


Boundary scan 


Normal 


00000011 


nwnA not 

BYPASS+ 


Bypass scan 


Bypass 


Normal 




D T rnOot . 


Bypass scan 


Bypass 


Normal 


00000101 


BYPASS* 


Bypass scan 


Bypass 


Normal 


00000110 


HIGHZ 


Control boundary to high impedance 


Bypass 


Modified test 


10000111 


CLAMP 


Control boundary to 1/0 


Bypass 


Test 


10001000 


BYPASS* 


Bypass scan 


Bypass 


Normal 


00001001 


RUNT 


Boundary run test 


Bypass 


Test 


00001010 


READBN 


Boundary read 


Boundary scan 


Normal 


10001011 


READBT 


Boundary read 


Boundary scan 


Test 


00001100 


CELLTST 


Boundary self test 


Boundary scan 


Normal 


10001101 


TOPHIP 


Boundary toggle outputs 


Bypass 


Test 


10001110 


SCANCN 


Boundary-control register scan 


Boundary control 


Normal 


00001111 


SCANCT 


Boundary-control register scan 


Boundary control 


Test 


All others 


BYPASS 


Bypass scan 


Bypass 


Normal 



t Bit 7 is used to maintain even parity in the 8-bit instruction. 

* The BYPASS instruction is executed in lieu of a SCOPE™ instruction that is not supported in the 'LVTH18516 or 'LVTH182516. 



boundary scan 

This instruction conforms to the IEEE Standard 1149.1-1990 EXTEST instruction. The BSR is selected in the 
scan path. Data appearing at the device input and I/O pins is captured in the associated BSCs. Data that has 
been scanned into the I/O BSCs for pins in the output mode is applied to the device I/O pins. Data present at 
the device pins, except for output enables, is passed through the BSCs to the normal on-chip logic. For I/O pins, 
the operation of a pin as input or output is determined by the contents of the output-enable BSCs (bits 45-44 
of the BSR). When a given output enable is active (logic 0), the associated I/O pins operate in the output mode. 
Otherwise, the I/O pins operate in the input mode. The device operates in the test mode. 

identification read 

This instruction conforms to the IEEE Standard 1149.1-1990 IDCODE instruction. The device identification 
register is selected in the scan path. The device operates in the normal mode. 

sample boundary 

This instruction conforms to the IEEE Standard 1149.1-1990 SAMPLE/PRELOAD instruction. The BSR is 
selected in the scan path. Data appearing at the device input pins and I/O pins in the input mode is captured 
in the associated BSCs, while data appearing at the outputs of the normal on-chip logic is captured in the BSCs 
associated with I/O pins in the output mode. The device operates in the normal mode. 
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bypass scan 

This instruction conforms to the IEEE Standard 1149.1-1990 BYPASS instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. The device 
operates in the normal mode. 

control boundary to high impedance 

This instruction conforms to the IEEE Standard 11 49.1 a-1 993 HIGHZ instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. The device 
operates in a modified test mode in which all device I/O pins are placed in the high-impedance state, the device 
input pins remain operational, and the normal on-chip logic function is performed. 

control boundary to 1/0 

This instruction conforms to the IEEE Standard 1149.1a-1993 CLAMP instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. Data in the I/O 
BSCs for pins in the output mode is applied to the device I/O pins. The device operates in the test mode. 

boundary-run test 

The bypass register is selected in the scan path. A logic 0 value is captured in the bypass register during 
Capture-DR. The device operates in the test mode. The test operation specified in the BCR is executed during 
Run-Test/ldle. The five test operations decoded by the BCR are: sample inputs/toggle outputs (TOPSIP), 
PRPG, PSA, simultaneous PSA and PRPG (PSA/PRPG), and simultaneous PSA and binary count up 
(PSA/COUNT). 

boundary read 

The BSR is selected in the scan path. The value in the BSR remains unchanged during Capture-DR. This ^ 
instruction is useful for inspecting data after a PSA operation. q_ 

boundary self test f_ 

The BSR is selected in the scan path. All BSCs capture the inverse of their current values during Capture-DR. O 
In this way, the contents of the shadow latches can be read out to verify the integrity of both shift-register and ZD 
shadow-latch elements of the BSR. The device operates in the normal mode. Q 

boundary toggle outputs 

The bypass register is selected in the scan path. A logic 0 value is captured in the bypass register during 
Capture-DR. Data in the shift-register elements of the selected output-mode BSCs is toggled on each rising 
edge of TCK in Run-Test/ldle and is then updated in the shadow latches and applied to the associated device 
I/O pins on each falling edge of TCK in Run-Test/ldle. Data in the input-mode BSCs remains constant. Data 
appearing at the device input or I/O pins is not captured in the input-mode BSCs. The device operates in the 
test mode. 

boundary-control-register scan 

The BCR is selected in the scan path. The value in the BCR remains unchanged during Capture-DR. This 
operation must be performed before a boundary-run test operation to specify which test operation is to be 
executed. 



o 

CL 
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boundary-control register opcode description 

The BCR opcodes are decoded from BCR bits 2-0 as shown in Table 4. The selected test operation is performed 
while the RUNT instruction is executed in the Run-Test/ldle state. The following descriptions detail the operation 
of each BCR instruction and illustrate the associated PSA and PRPG algorithms. 



Table 4. Boundary-Control Register Opcodes 



BINARY CODE 
BIT 2 -» BIT 0 
MSB -* LSB 


DESCRIPTION 


XOO 


Sample inputs/toggle outputs (TOPSIP) 


X01 


Pseudo-random pattern generation/36-bit mode (PRPG) 


X10 


Parallel-signature analysis/36-bit mode (PSA) 


011 


Simultaneous PSA and PRPG/1 8-bit mode (PSA/PRPG) 


111 


Simultaneous PSA and binary count up/1 8-bit mode (PSA/COUNT) 



While the control input BSCs (bits 45-36) are not included in the toggle, PSA, PRPG, or COUNT algorithms, 
the output-enable BSCs (bits 45-44 of the BSR) control the drive state (active or high impedance) of the selected 
device outpu t pins. T hese BC R instructions are only valid when the device is operating in one direction of data 
flow (that is, OEAB * OEBA). Otherwise, the bypass instruction is operated. 

sample inputs/toggle outputs (TOPSIP) 

Data appearing at the selected device input-mode I/O pins is captured in the shift-register elements of the 
associated BSCs on each rising edge of TCK. Data in the shift-register elements of the selected output-mode 
BSCs is toggled on each rising edge of TCK, updated in the shadow latches, and applied to the associated 
device I/O pins on each falling edge of TCK. 
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^ Texas 
Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 



SN54LVTH18516, SN54LVTH182516, SN74LVTH18516, SN74LVTH182516 

3.3-V ABT SCAN TEST DEVICES 
WITH 18-BIT UNIVERSAL BUS TRANSCEIVERS 



SCBS672A- AUGUST 1996- REVISED DECEMBER 1996 



pseudo-random pattern generation (PRPG) 

A pseudo-random pattern is generated in the shift-register elements of the selected BSCs on each rising edge 
of TCK, updated in the shadow latches, and applied to the associated device output-mode I/O pins on each 
falling edge of TCK. Figures 6 and 7 illustrate the 36-bit linear-feedback shift-register algorithms through which 
the patterns are generated. An initial seed value should be scanned into the BSR prior to performing this 
operation. A seed value of all zeroes will not produce additional patterns. 



A18-I/0 A17-I/0 A16-I/0 A15-I/0 A14-I/0 A13-I/0 A12-I/0 A11-I/0 A10-I/O 



A9-I/0 A8-I/0 A7-I/0 A6-I/0 A5-I/0 A4-I/0 A3-I/0 A2-I/0 A1-I/0 



B18-I/0 B17-I/0 B16-I/0 B15-I/0 B14-1/0 B13-I/0 B12-I/0 B11-I/0 B10-I/O 



®-T> 



B9-I/0 B8-I/0 B7-I/0 B6-I/0 B5-I/0 B4-I/0 B3-I/0 B2-1/0 B1-I/0 



Figure 6. 36-Bit PRPG Configuration (OEAB = 0, OEBA = 1) 
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B18-I/0 B17-I/0 B16-I/0 B15-I/0 B14-I/0 B13-I/0 B12-I/0 B11-I/0 B10-I/O 



B9-I/0 B8-I/0 B7-I/0 B6-I/0 B5-I/0 B4-I/0 B3-I/0 B2-I/0 B1-I/0 



4- 



A18-I/0 A17-I/0 A16-I/0 A15-I/0 A14-I/0 A13-I/0 A12-I/0 A11-I/0 A10-I/O 



©■I> 



A9-I/0 A8-I/0 A7-I/0 A6-I/0 A5-I/0 A4-I/0 A3-I/0 A2-I/0 A1-I/0 



Figure 7. 36-Bit PRPG Configuration (OEAB = 1, OEBA = 0) 
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parallel-signature analysis (PSA) 

Data appearing at the selected device input-mode I/O pins is compressed into a 36-bit parallel signature in the 
shift-register elements of the selected BSCs on each rising edge of TCK. Data in the shadow latches of the 
selected output-mode BSCs remains constant and is applied to the associated device I/O pins. Figures 8 and 9 
illustrate the 36-bit linear-feedback shift-register algorithms through which the signature is generated. An initial 
seed value should be scanned into the BSR before performing this operation. 
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B18-I/0 B17-I/0 B16-I/0 B 15-1/0 B1 4-1/0 B1 3-1/0 B1 2-1/0 B11-I/0 B10-I/O 



B9-I/0 B8-I/0 B7-I/0 B6-I/0 B5-I/0 B4-I/0 B3-I/0 B2-I/0 B1-I/0 



Figure 8. 36-Bit PSA Configuration (OEAB = 0, OEBA = 1) 
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Figure 9. 36-Bit PSA Configuration (OEAB = 1, OEBA = 0) 
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simultaneous PSA and PRPG (PSA/PRPG) 

Data appearing at the selected device input-mode I/O pins is compressed into an 18-bit parallel signature in 
the shift-register elements of the selected input-mode BSCs on each rising edge of TCK. At the same time, an 
1 8-bit pseudo-random pattern is generated in the shift-register elements of the selected output-mode BSCs on 
each rising edge of TCK, updated in the shadow latches, and applied to the associated device I/O pins on each 
falling edge of TCK. Figures 10 and 11 illustrate the 18-bit linear-feedback shift-register algorithms through 
which the signature and patterns are generated. An initial seed value should be scanned into the BSR before 
performing this operation. A seed value of all zeroes will not produce additional patterns. 
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Figure 10. 18-Bit PSA/PRPG Configuration (OEAB = 0, OEBA = 1) 
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Figure 11. 18-Bit PSA/PRPG Configuration (OEAB = 1, OEBA = 0) 
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simultaneous PSA and binary count up (PSA/COUNT) 

Data appearing at the selected device input-mode I/O pins is compressed into an 18-bit parallel signature in 
the shift-register elements of the selected input-mode BSCs on each rising edge of TCK. At the same time, an 
1 8-bit binary count-up pattern is generated in the shift-register elements of the selected output-mode BSCs on 
each rising edge of TCK, updated in the shadow latches, and applied to the associated device I/O pins on each 
falling edge of TCK. Figures 12 and 13 illustrate the 18-bit linear-feedback shift-register algorithms through 
which the signature is generated. An initial seed value should be scanned into the BSR before performing this 
operation. 
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Figure 12. 18-Bit PSA/COUNT Configuration (OEAB = 0, OEBA = 1) 
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Figure 13. 18-Bit PSA/COUNT Configuration (OEAB = 1, OEBA = 0) 
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timing description 

All test operations of the 'LVTH1 851 6 and 'LVTH1 8251 6 are synchronous to the TCK signal. Data on the TDI, 
TMS, and normal-function inputs is captured on the rising edge of TCK. Data appears on the TDO and 
normal-function output pins on the falling edge of TCK. The TAP controller is advanced through its states (as 
shown in Figure 2) by changing the value of TMS on the falling edge of TCK and then applying a rising edge 
to TCK. 

A simple timing example is shown in Figure 14. In this example, the TAP controller begins in the 
Test-Logic-Reset state and is advanced through its states as necessary to perform one instruction-register scan 
and one data-register scan. While in the Shift-IR and Shift-DR states, TDI is used to input serial data, and TDO 
is used to output serial data. The TAP controller is then returned to the Test-Logic-Reset state. Table 5 details 
the operation of the test circuitry during each TCK cycle. 



Table 5. Explanation of Timing Example 



TCK 
CYCLE(S) 


TAP STATE 
AFTER TCK 


DESCRIPTION 


1 


Test-Logic-Reset 


TMS is changed to a logic 0 value on the falling edge of TCK to begin advancing the TAP controller toward 
the desired state. 


2 






3 






4 


Select-IR-Scan 




5 


Capture-IR 


The I R captures the 8-bit binary value 1 0000001 on the rising edge of TCK as the TAP controller exits the 
Capture-IR state. 


6 


Shift-IR 


TDO becomes active and TDI is made valid on the falling edge of TCK. The first bit is shifted into the TAP 
on the rising edge of TCK as the TAP controller advances to the next state. 


7-13 


Shift-IR 


One bit is shifted into the IR on each TCK rising edge. With TDI held at a logic 1 value, the 8-bit binary value 
1 1 1 1 1 1 1 1 is serially scanned into the I R. At the same time, the 8-bit binary value 1 0000001 is serially scanned 
out of the IR via TDO. In TCK cycle 13, TMS is changed to a logic 1 value to end the IR scan on the next 
TCK cycle. The last bit of the instruction is shifted as the TAP controller advances from Shift-IR to Exit1-IR. 


14 


Exitl-IR 


TDO becomes inactive (goes to the high-impedance state) on the falling edge of TCK. 


15 


Update-IR 


The IR is updated with the new instruction (BYPASS) on the falling edge of TCK. 


16 


Select-DR-Scan 




17 


Capture-DR 


The bypass register captures a logic 0 value on the rising edge of TCK as the TAP controller exits the 
Capture-DR state. 


18 


Shift-DR 


TDO becomes active and TDI is made valid on the falling edge of TCK. The first bit is shifted into the TAP 
on the rising edge of TCK as the TAP controller advances to the next state. 


19-20 


Shift-DR 


The binary value 101 is shifted in via TDI, while the binary value 010 is shifted out via TDO. 


21 


Exit1-DR 


TDO becomes inactive (goes to the high-impedance state) on the falling edge of TCK. 


22 


Update-DR 


In general, the selected data register is updated with the new data on the falling edge of TCK. 


23 


Select-DR-Scan 




24 


Select-IR-Scan 




25 


Test-Logic-Reset 


Test operation completed 
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Figure 14. Timing Example 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, V<x -0-5 V to 4.6 V 

Input voltage range, V| (see Note 1) -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq (see Note 1 ) -0.5 V to 7 V 

Current into any output in the low state, Iq: SN54LVTH1 851 6 96 mA 

SN54LVTH182516(AportorTDO) 96 mA 

SN54LVTH182516(Bport) 30 mA 

SN74LVTH18516 128 mA 

SN74LVTH182516(AportorTDO) 128 mA 

SN74LVTH182516 (B port) 30 mA 

Current into any output in the high state, Iq (see Note 2): SN54LVTH1 851 6 48 mA 

SN54LVTH182516(AportorTDO) 48 mA 

SN54LVTH182516(Bport) 30 mA 

SN74LVTH18516 64 mA 

SN74LVTH182516(AportorTDO) 64 mA 

SN74LVTH182516(Bport) 30 mA 

Input clamp current, l|« (V| < 0) -50 mA 

Output clamp current, Iok (Vo < 0) -50 mA 

Maximum power dissipation at Ta = 55°C (in still air) (see Note 3): DGG package 1 W 

Storage temperature range, T s t g -65°C to 1 50°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1 . The input and output negative-voltage ratings can be exceeded if the input and output clamp-current ratings are observed. 

2. This current will only flow when the output is in the high state and Vo > Vrjc- 

3. The maximum package power dissipation is calculated using a junction temperature of 1 50°C and a board trace length of 750 mils. 
For more information, refer to the Package Thermal Considerations application note in the ABT Advanced BiCMOS Technology Data 
Book, literature number SCBD002. 
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recommended operating conditions 









SN54LVTH18516 


SN74LVTH18516 


UNIT 








MIN 


MAX 


MIN 


MAX 


vcc 


Supply voltage 




2.7 


3.6 


2.7 


3.6 


V 


V|H 


High-level input voltage 




2 


2 


V 


V|L 


Low-level input voltage 




0.8 


0.8 


V 


V| 


Input voltage 




5.5 


5.5 


V 


'OH 


High-level output current 




-24 


-32 


mA 


lOL 


Low-level output current 




24 


32 


mA 


lO^ 


Low-level output current 




48 


64 


mA 


At/Av 


Input transition rise or fall rate 


Outputs enabled 


10 


10 


ns/V 


TA 


Operating free-air temperature 




-55 


125 


-40 


85 


°C 



t Current duty cycle <. 50%, f > 1 kHz 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (see Note 4) 



PARAMETER 


TEST CONDITIONS 


SN54LVTH18516 


SN74LVTH18516 


UNIT 


MIN TYPt MAX 


MIN TYPt MAX 


V|K 


Vcc=2.7V, l|=-18mA 


-1.2 


-1.2 


V 


VOH 


Vcc = MINtoMAX*, loH = - 1 00f* A 


VcC-0.2 


Vcc-0.2 


V 


V CC =2.7V, l 0 H = -3mA 


2.4 


2.4 


V C C=3V 


lOH = -8 mA 


2.4 


2.4 


lOH = -24 mA 


2 




Iqh = -32 mA 




2 


vol 


V C C=2.7V 


Iql= 100 nA 


0.2 


0.2 


V 


Iql = 24 mA 


0.5 


0.5 


V C C=3V 


Iql= 16 mA 


0.4 


0.4 


lOL = 32 mA 


0.5 


0.5 


Iql = 48 mA 


0.55 




Iql = 64 mA 




0.55 


ii 


Vcc = 3.6 V, V| = Vcc or GND 


CLK, CLKEN, 
LE, S, TCK 


±1 


±1 


uA 


Vqc = 0 or MAX*, V| = 5.5 V 


10 


10 


V C C - 3.6 V 


V| = 5.5 V 


OE, TDI, TMS 


50 


50 


V| = V CC 


1 


1 


V| = 0 


-25 -100 


-25 -100 


V| = 5.5 V 


A or B ports§ 


20 


20 


V|=V C C 


1 


1 


V| =0 


-5 


-5 


'off 


Vcc = 0, V| or Vq = 0 to 4.5 V 




±100 


uA 


1 1 (hold) 11 


V C C = 3V 


V| = 0.8 V 


A or B ports 


75 


75 


uA 


V| = 2V 


-75 


-75 


'OZH 


Vcc =3.6 V, V 0 = 3V 


TDO 


1 


1 


uA 


'OZL 


Vcc = 3.6 V, Vq = 0.5 V 


TDO 


—1 


—1 


jiA 


'OZPU 


Vcc =0 to 1.5 V, VQ = 3Vor0.5V 


TDO 


+50 


+50 


\iA 


'OZPD 


Vcc = 1-5V toO, VQ = 3Vor0.5V 


TDO 


+50 


+50 


ii A 


'cc 


Vcc " 3-6 V, Iq = 0, V| - Vcc or GND 


Outputs high 




3 


mA 


Outputs low 




30 


Outputs 
disabled 




3 


Alec* 


Vcc = 3 V to 3.6 V, One input at Vcc - 0.6 V, 
Other inputs at Vcc or GND 


0.2 


0.2 


mA 


Cj 


V| = 3 V or 0 


4 


4 


PF 


Qo 


Vo = 3 V or 0 


10 


10 


PF 


Co 


Vo = 3Vor0 


8 


8 


PF 



t All typical values are at Vcc = 3 -3 V, T/\ = 25°C. 

$ For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
§ Unused pins at Vcc or GND 

H The parameter l|(hold) includes the off-state output leakage current. 

#This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 
NOTE 4: Product preview specifications are design goals only and are subject to change without notice. 
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timing requirements over recommended operating free-air temperature range (unless otherwise 
noted) (normal mode) (see Note 4 and Figure 15) 





SN54LVTH18516 


SN74LVTH18516 


UNIT 


VqC = 3.3 V 
±0.3V 


V C C = 2.7 V 


Vcc = 3.3 V 
±0.3V 


V C C = 2.7 V 


MIN MAX 


MIN MAX 


MIN MAX 


■ AIM A V 

MIN MAX 


fclock Clock frequency 


CLKAB or CLKBA 






U I uu 




MHz 


t w Pulse duration 


CLKAB or CLKBA high or low 






5 




ns 


LEAB or LEBA high or low 






4 




t su Setup time 


A before CLKABt or 
B before CLKBAt 






4 




ns 


A before LEABl or 
B before LEBAl 


CLK high 






2 




CLK low 






2 




CLKEN before CLKT 






3 




t n Hold time 


A after CLKABT or 
B after CLKBAT 






2 




ns 


A after LEABi or B after LEBAl 






4 




CLKEN after CLKT 






1 





timing requirements over recommended operating free-air temperature range (unless otherwise 
noted) (test mode) (see Note 4 and Figure 15) 







SN54LVTH18516 


SN74LVTH18516 








V C C = 3.3 V 
±0.3V 


Vcc = 2.7 V 


Vcc = 3.3 V 
±0.3V 


V C C = 2.7 V 


UNIT 






MIN MAX 


MIN MAX 


MIN MAX 


MIN MAX 




fclock Clock frequency 


TCK 






0 50 




MHz 


t w Pulse duration 


TCK high or low 






9.5 




ns 


t su Setup time 


A, B, CLK, CLKEN, LE, 
OE or S before TCKT 






6.5 






TDI before TCKT 






2.5 




ns 




TMS before TCKT 






2.5 






t n Hold time 


A, B, CLK, CLKEN, LE, 
OE or S TCKT 






1.5 






TDI after TCKT 






1.5 




ns 




TMS after TCKT 






1.5 






td Delay time 


Power up to TCKT 






50 




ns 


t r Rise time 


Vcc power up 






1 







NOTE 4: Product preview specifications are design goals only and are subject to change without notice. 
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switching characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (normal mode) (see Note 4 and Figure 15) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


SN54LVTH18516 


SN74LVTH18516 


UNIT 


vqc — o.o V 
±0.3V 


V C C = 2.7 V 


w~_ - 3 3 V 
+ 0.3V 


V C C = 2.7V 


MIN MAX 


MIN MAX 


MIN MAX 


MIN MAX 


'max 


CLKAB or CLKBA 








100 




MHz 


tpLH 


AorB 


BorA 






1.5 6 




ns 


tpHL 






1.5 6 




tPLH 


CLKAB or CLKBA 


B or A 






1.5 7 




ns 


tPHL 






1.5 7 




tPLH 


LEAB or LEBA 


B or A 






2 9 




ns 


tPHL 






2 9 




tPLH 


SAB or SBA 


BorA 






2 9 




ns 


tPHL 






2 9 




tpZH 




B or A 






2 10 




ns 


tpZL 


OEAB or OEBA 






2 10 




tPHZ 




BorA 






2 11 




ns 


tPLZ 


OEAB or OEBA 






2 11 





switching characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (test mode) (see Note 4 and Figure 15) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


SN54LVTH18516 


SN74LVTH18516 


UNIT 


V C C = 3.3 V 
±0.3V 


Vqc = 2.7 V 


Vcc = 3.3 V 
±0.3V 


VQC = 2.7 V 


MIN MAX 


MIN MAX 


MIN MAX 


MIN MAX 


'max 


TCK 








50 




MHz 


tPLH 


TCK-l- 


AorB 






2.5 14 




ns 


tPHL 






2.5 14 




tPLH 


TCK-L 


TDO 






1 5.5 




ns 


tPHL 






1.5 6.5 




tPZH 


TCKi 


AorB 






4 17 




ns 


IPZL 






4 17 




tPZH 


TCK-J- 


TDO 






1 5.5 




ns 


IPZL 






1.5 5.5 




tPHZ 


TCK4- 


AorB 






4 18 




ns 


tPLZ 






4 17 




tPHZ 


TCK4- 


TDO 






1.5 7 




ns 


tPLZ 






1.5 7 





NOTE 4: Product preview specifications are design goals only and are subject to change without notice. 
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recommended operating conditions 









SN54LVTH182516 


SN74LVTH182516 


UNIT 








MIN 


MAX 


MIN 


MAX 


vcc 


Supply voltage 




2.7 


3.6 


2.7 


3.6 


V 


V|H 


High-level input voltage 




2 


2 


V 


\/it 
V IL 


Low-level input voltage 




0.8 


0.8 


V 


V| 


Input voltage 




5.5 


5.5 


V 


'OH 


High-level output current 


A port, TDO 


-24 


-32 


mA 


Bport 


-12 


-12 


'OL 


Low-level output current 


A port, TDO 


24 


32 


mA 


B port 


12 


12 


>OL T 


Low-level output current 


A port, TDO 


48 


64 


mA 


At/Av 


Input transition rise or fall rate 


Outputs enabled 


10 


10 


ns/V 


T A 


Operating free-air temperature 




-55 


125 


-40 


85 


°C 



t Current duty cycle < 50%, f > 1 kHz 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (see Note 4) 



PARAMETER 


TEST CONDITIONS 


SN54LVTH1 8251 6 


SN74LVTH1 8251 6 


UNIT 


MIN TYPt MAX 


MIN TYPt MAX 


V|K 


Vcc = 2.7V, l| = -18mA 


—1.2 


—1.2 


V 


VOH 


Vcc = MIN to MAX*, loH = -100nA 


m pun, i u\j 


V CC \>.£. 




V 


V C C = 2.7V, l 0 H = -^mA 


2.4 


2.4 


V C C = 3V 


lOH = -8 mA 


2.4 


2.4 


'OH = -24 mA 


2 




lOH " -32 mA 




2 


lOH = -12 mA 


B port 


2 


2 


vol 


V C C=2.7V 


IOL= 100 M 


A port, TDO 


0.2 


0.2 


V 


lOL = 24 mA 


0.5 


0.5 


V C C-3V 


iOL= 16 mA 


0.4 


0.4 


lOL = 32 mA 


0.5 


0.5 


lOL = 48 mA 


0.55 




Iql = 64 mA 




0.55 


Iql= 12 mA 


Bport 


0.8 


0.8 


ii 


Vcc = 3.6 V, V| = Vcc or GND 


CLK, CLKEN, 
LE, S, TCK 


±1 


±1 


HA 


Vcc = 0 or MAX*, V| = 5.5 V 


10 


10 


V C C - 3.6 V 


V| = 5.5 V 


OE, TDI, TMS 


50 


50 


V|=V CC 


1 


1 


V| =0 


-25 -100 


-25 -100 


V| = 5.5 V 


A or B ports§ 


20 


20 


V|=V CC 


1 


1 


V| = 0 


-5 


-5 


'off 


Vcc = 0- V| or Vo = 0 to 4.5 V 




±100 


HA 


'l(hold) 11 


V C C=3V 


V| = 0.8 V 


A or B ports 


75 


75 


HA 


V| = 2V 


-75 


-75 


'OZH 


Vcc = 3.6 V, Vo = 3 V 


TDO 


1 


1 


jiA 


lOZL 


Vcc = 3.6 V, Vo = 0.5 V 


TDO 


-1 


-1 


HA 


'OZPU 


Vcc =0to 1.5 V, Vo = 3Vor0.5V 


TDO 


±50 


±50 


HA 


■OZPD 


Vcc - 1-5 V toO, V O = 3Vor0.5V 


TDO 


±50 


±50 


HA 


'cc 


Vcc = 3 -6 V, Iq = 0, V| = Vcc or GND 


Outputs high 




3 


mA 


Outputs low 




30 


Outputs 
disabled 




3 


Alec* 


Vcc = 3 V to 3.6 V, One input at Vcc - °- 6 V, 
Other inputs at Vcc or GND 


0.2 


0.2 


mA 



t All typical values are at Vcc = 3.3 V, T^ = 25°C. 

t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
§ Unused pins at Vcc or G ND 

II The parameter l|(ho1d) includes the off-state output leakage current. 

#This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND - 
NOTE 4: Product preview specifications are design goals only and are subject to change without notice. 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (see Note 4) 



PARAMETER 


TEST CONDITIONS 


SN54LVTH182516 


SN74LVTH182516 


UNIT 


MIN TYPt MAX 


MIN TYPt MAX 


Cj 


V| = 3 V or 0 


4 


4 


PF 


Cj 0 


Vo = 3 V or 0 


10 


10 


pF 


Co 


Vq = 3 V or 0 


8 


8 


pF 



t All typical values are at Vqc = 3-3 V, Ta = 25°C. 

NOTE 4: Product preview specifications are design goals only and are subject to change without notice. 



timing requirements over recommended operating free-air temperature range (unless otherwise 
noted) (normal mode) (see Note 4 and Figure 15) 





SN54LVTH182516 


SN74LVTH182516 


UNIT 


V C C = 3.3 V 
±0.3V 


V C C = 2.7V 


V C C = 3.3 V 
±0.3V 


V C C = 2.7 V 


MIN MAX 


MIN MAX 


MIN MAX 


MIN MAX 


'clock Clock frequency 


CLKAB or CLKBA 






0 100 




MHz 


t w Pulse duration 


CLKAB or CLKBA high or low 






5 




ns 


LEAB or LEBA high 






4 




ns 


t S u Setup time 


A before CLKAB? or 
B before CLKBAT 






4 




ns 


A before LEABl or 
B before LEBAl 


CLK high 






2 




CLK low 






2 




CLKEN before CLKT 






3 




th Hold time 


A after CLKAB? or 
B after CLKBAT 






2 




ns 


A after LEABi or B after LEBAl 






4 




CLKEN after CLKT 






1 





timing requirements over recommended operating free-air temperature range (unless otherwise 
noted) (test mode) (see Note 4 and Figure 15) 









SN54LVTH182516 


SN74LVTH182516 










V C C = 3.3 V 
±0.3V 


V C C = 2.7 V 


V C C = 3.3 V 
±0.3V 


V C C = 2.7 V 


UNIT 








MIN MAX 


MIN MAX 


MIN MAX 


MIN MAX 




'clock 


Clock frequency 


TCK 






0 50 




MHz 


t w 


Pulse duration 


TCK high or low 






9.5 




ns 




Setup time 


A, B, CLK, CLKEN, LE, 
OE or S before TCKT 






6.5 






tsu 


TDI before TCKT 






2.5 




ns 






TMS before TCKT 






2.5 






th 


Hold time 


A, B, CLK, CLKEN, 
OE or S after TCKT 






1.5 






TDI after TCKT 






1.5 




ns 






TMS after TCKT 






1.5 






td 


Delay time 


Power up to TCKT 






50 




ns 


tr 


Rise time 


Vcc power up 






1 




p.s 



NOTE 4: Product preview specifications are design goals only and are subject to change without notice. 
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switching characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (normal mode) (see Note 4 and Figure 15) 









SN54LVTH1 82516 


SN74LVTH182516 




PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V CC = 3 -3 v 
±0.3 V 


V C C = 2.7V 


V C C = 3.3 V 
±0.3V 


V C C = 2.7V 


UNIT 








MIN MAX 


MIN MAX 


MIN 


MAX 


MIN MAX 




'max 


CLKAB or CLKBA 








100 




MHz 


tpi w 


AorB 


B or A 






1.5 


7 




ns 


tpm 
*r rlL 






1.5 


7 




tpi_H 


CLKAB or CLKBA 


B or A 






1.5 


7.5 




ns 


tPHL 






1.5 


7.5 




tPLH 


LEAB or LEBA 


AorB 






2 


9 




ns 


*PHL 






2 


9 




tPLH 


SAB or SBA 


BorA 






2 


10 




ns 


tPHL 






2 


10 




tPZH 


OEAB or OEBA 


BorA 






2 


11 




ns 


tpZL 






2 


11 




*PHZ 


OEAB or OEBA 


BorA 






2 


11 




ns 


tPLZ 






2 


11 





switching characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (test mode) (see Note 4 and Figure 15) 









SN54LVTH182516 


SN74LVTH182516 




PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V C C = 3-3 V 
+ 0.3V 


VCC = 2.7 V 


V C C = 3.3 V 
+ 0.3V 


V C C = 2.7V 


UNIT 








MIN MAX 


MIN MAX 


MIN 


MAX 


MIN MAX 




'max 


TCK 








50 




MHz 


tPLH 


TCKi. 


AorB 






2.5 


14 




ns 


tPHL 






2.5 


14 




tPLH 


TCK4- 


TDO 






1 5.5 




ns 


tPHL 






1.5 


6.5 




tpZH 


TCKi 


AorB 






4 


17 




ns 


tpZL 






4 


17 




'PZH 


TCKJ- 


TDO 






1 


5.5 




ns 


tpZL 






1.5 


5.5 




l PHZ 


TCKI 


AorB 






4 


18 




ns 


tPLZ 






4 


17 




tPHZ 


TCKi 


TDO 






1.5 


7 




ns 


tPLZ 






1.5 


7 





NOTE 4: Product preview specifications are design goals only and are subject to change without notice. 
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PARAMETER MEASUREMENT INFORMATION 

_ 6 V 



500 a 

-\Mr- 



500 £2 



S \^ t O Open 
? GND 



TEST 


S1 


tPLH'tPHL 
tpLZ'tPZL 
tPHZ'tpZH 


Open 
6V 
GND 



LOAD CIRCUIT 




Input 1.5 V 



VOLTAGE WAVEFORMS 
PULSE DURATION 



2.7 V 



0V 



Timing Input 



Data Input 



ki— r> 

isu 1 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



2.7 V 
0V 



2.7 V 
0V 



Input 



Output 



Output 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output 
Control 



Output 
Waveform 1 
S1 at 6 V 
(see Note B) 

Output 
Waveform 2 
S1 at GND 
(see Note B) 



tPZL 



\l.5V Y 

\ | -/ voL^o-av 



2.7 V 
0V 

3V 

vol 



tpZH->| 



I^PHZ-M (4- 

I _ 



y^7 



VOH-0.3V V ° H 
— - 0V 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. Cl includes probe and jig capacitance. 

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

C. All input pulses are supplied by generators having the following characteristics: PRR < 1 0 MHz, Zfj = 50 U t r < 2.5 ns, tf 5 2.5 ns. 

D. The outputs are measured one at a time with one transition per measurement. 



Figure 15. Load Circuit and Voltage Waveforms 
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Members of the Texas Instruments 
SCOPE™ Family of Testability Products 
Members of the Texas Instruments 
Widebus™ Family 

State-of-the-Art 3.3-V ABT Design Supports 
Mixed-Mode Signal Operation (5-V Input 
and Output Voltages With 3.3-V V C c) 
Support Unregulated Battery Operation 
Down to 2.7 V 

Bus Hold on Data Inputs Eliminates the 
Need for External Pullup Resistors 
B-Port Outputs of 'LVTH1 82640 Devices 
Have Equivalent 25-Q. Series Resistors, So 
No External Resistors Are Required 

Compatible With the IEEE Standard 
1149.1-1990 (JTAG) Test Access Port and 
Boundary-Scan Architecture 

SCOPE™ Instruction Set 

- IEEE Standard 1149.1-1990 Required 
Instructions and Optional CLAMP and 
HIGHZ 

- Parallel-Signature Analysis at Inputs 

- Pseudo-Random Pattern Generation 
From Outputs 

- Sample Inputs/Toggle Outputs 

- Binary Count From Outputs 

- Device Identification 

- Even-Parity Opcodes 

Packaged in Plastic Shrink Small-Outline 
(DL) and Thin Shrink Small-Outline (DGG) 
Packages and 380-mil Fine-Pitch Ceramic 
Flat (WD) Packages 



SN54LVTH18640, SN54LVTH 182640 ... WD PACKAGE 
SN74LVTH18640, SN74LVTH1 82640 . . . DGG OR DL PACKAGE 
(TOP VIEW) 



1DIR[ 1 
1B1 [ 2 
1B2[ 3 

GND[ 4 
1B3[ 5 
1B4[ 6 

V CC [ 7 
1B5[ 8 
1B6[ 9 
1B7[ 10 
GND[ 11 
1B8[ 12 
1B9[ 13 
2B1 [ 14 
2B2[ 15 
2B3[ 16 
2B4[ 17 
GND[ 18 
2B5[ 19 
2B6[ 20 
2B7[ 21 
V C cE 22 
2B8 [ 23 
2B9 [ 24 
GND[ 25 
2DIR[ 26 
TDO[ 27 
TMS[ 28 



56 ] 10E 
55 ] 1A1 
54 ] 1A2 
53 ] GND 
52 ] 1A3 
51 ] 1A4 
50 ] V cc 
49 ] 1A5 
48 ] 1A6 
47 ] 1A7 
46 ] GND 
45 ] 1A8 
44 ] 1A9 
43 ] 2A1 
42 ]2A2 
41 ] 2A3 
40 ] 2A4 
39 ] GND 
38 ] 2A5 
37 ] 2A6 
36 ] 2A7 
35 ] V CC 
34 ] 2A8 
33 ] 2A9 
32]GJ^D 
31 ] 20E 
30 ] TDI 
29 ] TCK 



description 



The 'LVTH1 8640 and 'LVTH1 82640 scan test devices with 1 8-bit inverting bus transceivers are members of the 
Texas Instruments SCOPE™ testability integrated-circuit family. This family of devices supports IEEE Standard 
1149.1-1990 boundary scan to facilitate testing of complex circuit-board assemblies. Scan access to the test 
circuitry is accomplished via the 4-wire test access port (TAP) interface. 

Additionally, these devices are designed specifically for low-voltage (3.3-V) Vcc operation, but with the 
capability to provide a TTL interface to a 5-V system environment. 

In the normal mode, these devices are 18-bit inverting bus transceivers. They can be used either as two 9-bit 
transceivers or one 1 8-bit transceiver. The test circuitry can be activated by the TAP to take snapshot samples 
of the data appearing at the device pins or to perform a self test on the boundary-test cells. Activating the TAP 
in the normal mode does not affect the functional operation of the SCOPE™ bus transceivers. 



SCOPE and Widebus are trademarks of Texas Instruments Incorporated. 



product preview information concerns products in the formative or Copyright © 1 996, Texas Instruments Incorporated 

design phase of development Characteristic data and other W i* 

sp*ofl cellars are design goals. Texas Instruments reserves the right to Tpw A O 

change or discontinue these products without notice. I r.X fl^ 
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description (continued) 

Data flow is controlled by the direction-control (DIR) and output-enable (OE) inputs. Data transmission is 
allowed from the A bus to the B bus or from the B bus to the A bus, depending on the logic level at DIR. The 
output-enable (OE) can be used to disable the device so that the buses are effectively isolated. 

In the test mode, the normal operation of the SCOPE™ bus transceivers is inhibited and the test circuitry is 
enabled to observe and control the I/O boundary of the device. When enabled, the test circuitry performs 
boundary-scan test operations according to the protocol described in IEEE Standard 1149.1-1990. 

Four dedicated test pins observe and control the operation of the test circuitry: test data input (TDI), test data 
output (TDO), test mode select (TMS), and test clock (TCK). Additionally, the test circuitry performs other testing 
functions such as parallel-signature analysis (PSA) on data inputs and pseudo-random pattern generation 
(PRPG) from data outputs. All testing and scan operations are synchronized to the TAP interface. 

Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logic level. 

The B-port outputs of 'LVTH1 82640, which are designed to source or sink up to 12 mA, include 25-Q series 
resistors to reduce overshoot and undershoot. 

The SN74LVTH 18640 and SN74LVTH 182640 are available in Tl's shrink small-outline (DL) and thin shrink 
small-outline (DGG) packages, which provide twice the I/O pin count and functionality of standard small-outline 
packages in the same printed-circuit-board area. 

The SN54LVTH1 8640 and SN54LVTH1 82640 are characterized for operation over the full military temperature 
range of -55°C to 1 25°C. The SN74LVTH1 8640 and SN74LVTH1 82640 are characterized for operation from 
-40°C to 85°C. 



FUNCTION TABLE 
(normal mode, each 9-blt section) 



INPUTS 


OPERATION 


OE DIR 


L L 
L H 
H X 


B data to A bus 
A data to B bus 
Isolation 
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functional block diagram 



1DIR 



10E 



1A1 



2DIR 



20E 



2A1 



v C c 

56 



55 



26 



V CC< 
31 < 



43 



TDI 



TMS 



TCK 



VCC, 
30 « 



VCC, 
28 1 



29 



Boundary-Scan Register 




One of Nine Channels 



One of Nine Channels 



Bypass Register 



Boundary- Control 
Register 



Identification 
Register 




1B1 



14 



2B1 



Instruction Register 



TDO 



TAP 
Controller 



UJj 

> 

LU 
CC 
CL 

h- 

o 

Q 

O 
CC 
Q. 



Texas 
Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 6-1 43 



SN54LVTH18640, SN54LVTH 182640, SN74LVTH 18640, SN74LVTH 182640 

3.3-V ABT SCAN TEST DEVICES 

WITH 18-BIT INVERTING BUS TRANSCEIVERS 



SCBS310C - MARCH 1 994 - REVISED DECEMBER 1 996 



Terminal Functions 


TERMINAL NAME 


DESCRIPTION 


1A1-1A9.2A1-2A9 


Normal-function A-bus I/O ports. See function table for normal-mode logic. 


1B1-1B9.2B1-2B9 


Normal-function B-bus I/O ports. See function table for normal-mode logic. 


1DIR.2DIR 


Normal-function direction controls. See function table for normal-mode logic. 


GND 


Ground 


10E.20E 


MnrmoLfi mftinn r\t itm it onaHloc Qoo fr m/^inn tahlo fnr nnrmal-mnHo Innip An internal m illi in at pach terminal fnrppo 

1 iU( 1 ( Idl IUI IVAIUI 1 UULfJUl CI IdUICOi OCO IUI llrllUI 1 IdUlv? IUI 1 IUI 1 1 Idl II IUUD IUU,ll«- HI 1 II UCI 1 Idl (JUItUp dl CO^I 1 ICIIIIIIIdl l\Jl uco 

the terminal to a high level if left unconnected. 


TCK 


Test clock. One of four terminals required by IEEE Standard 1149.1-1990. Test operations of the device are 
synchronous to TCK. Data is captured on the rising edge of TCK and outputs change on the falling edge of TCK. 


TDI 


Test data input. One of fourterminals required by IEEE Standard 1149.1-1990. TDI is the serial input for shifting data 
through the instruction register or selected data register. An internal pullup forces TDI to a high level if left unconnected. 


TDO 


Test data output. One of four terminals required by IEEE Standard 1149.1-1990. TDO is the serial output for shifting 
data through the instruction register or selected data register. 


TMS 


Test mode select. One of fourterminals required by IEEE Standard 1149.1-1990. TMS directs the device through its 
TAP controller states. An internal pullup forces TMS to a high level if left unconnected. 


vcc 


Supply voltage 
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test architecture 

Serial-test information is conveyed by means of a 4-wire test bus or TAP, that conforms to IEEE Standard 
1149.1-1990. Test instructions, test data, and test control signals all are passed along this serial-test bus. The 
TAP controller monitors two signals from the test bus, TCK and TMS. The TAP controller extracts the 
synchronization (TCK) and state control (TMS) signals from the test bus and generates the appropriate on-chip 
control signals for the test structures in the device. Figure 1 shows the TAP-controller state diagram. 

The TAP controller is fully synchronous to the TCK signal. Input data is captured on the rising edge of TCK and 
output data changes on the falling edge of TCK. This scheme ensures data to be captured is valid for fully 
one-half of the TCK cycle. 

The functional block diagram shows the IEEE Standard 1149.1-1990 4-wire test bus and boundary-scan 
architecture and the relationship among the test bus, the TAP controller, and the test registers. As shown, the 
device contains an 8-bit instruction register and four test-data registers: a 44-bit boundary-scan register, a 3-bit 
boundary-control register, a 1 -bit bypass register, and a 32-bit device-identification register. 



TMS = H 



TMS = L 




Test-Logic-Reset 



> 



TMS = L 



TMS = H 



Run-Test/ldlo 



Solect-DR-Scan 




Figure 1. TAP-Controller State Diagram 
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state diagram description 

The TAP controller is a synchronous finite state machine that provides test control signals throughout the device. 
The state diagram shown in Figure 1 is in accordance with IEEE Standard 1149.1-1990. The TAP controller 
proceeds through its states based on the level of TMS at the rising edge of TCK. 

As shown, the TAP controller consists of 1 6 states. There are six stable states (indicated by a looping arrow in 
the state diagram) and ten unstable states. A stable state is a state the TAP controller can retain for consecutive 
TCK cycles. Any state that does not meet this criterion is an unstable state. 

There are two main paths through the state diagram: one to access and control the selected data register and 
one to access and control the instruction register. Only one register can be accessed at a time. 

Test-Logic-Reset 

The device powers up in the Test-Logic-Reset state. In the stable Test-Logic-Reset state, the test logic is reset 
and is disabled so that the normal logic function of the device is performed. The instruction register is reset to 
an opcode that selects the optional IDCODE instruction, if supported, or the BYPASS instruction. Certain data 
registers also can be reset to their power-up values. 

The state machine is constructed such that the TAP controller returns to the Test-Logic-Reset state in no more 
than five TCK cycles if TMS is left high. The TMS pin has an internal pullup resistor that forces it high if left 
unconnected or if a board defect causes it to be open circuited. 

For the 'LVTH18640 and "LVTH1 82640, the instruction register is reset to the binary value 10000001, which 
selects the IDCODE instruction. Bits 43-40 in the boundary-scan register are reset to logic 0, ensuring that 
these cells, which control A-port and B-port outputs, are set to benign values (i.e., if test mode were invoked, 
the outputs would be at high-impedance state). Reset values of other bits in the boundary-scan register should 
be considered indeterminate. The boundary-control register is reset to the binary value 010, which selects the 
PSA test operation. 

Run-Test/Idle 

The TAP controller must pass through the Run-Test/Idle state (from Test-Logic-Reset) before executing any test 
operations. The Run-Test/Idle state also can be entered following data-register or instruction-register scans. 
Run-Test/Idle is a stable state in which the test logic can be actively running a test or can be idle. The test 
operations selected by the boundary-control register are performed while the TAP controller is in the 
Run-Test/ldle state. 

Select-DR-Scan, Select-IR-Scan 

No specific function is performed in the Select-DR-Scan and Select-IR-Scan states, and the TAP controller exits 
either of these states on the next TCK cycle. These states allow the selection of either data-register scan or 
instruction-register scan. 

Capture-DR 

When a data-register scan is selected, the TAP controller must pass through the Capture-DR state. In the 
Capture-DR state, the selected data register can capture a data value as specified by the current instruction. 
Such capture operations occur on the rising edge of TCK, upon which the TAP controller exits the 
Capture-DR state. 



6-146 



Texas 
Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 



SN54LVTH18640, SN54LVTH 182640, SN74LVTH18640, SN74LVTH 182640 

3.3-V ABT SCAN TEST DEVICES 
WITH 18-BIT INVERTING BUS TRANSCEIVERS 

SCBS310C - MARCH 1 994 - REVISED DECEMBER 1996 



Shift-DR 

Upon entry to the Shift-DR state, the data register is placed in the scan path between TDI and TDO, and on the 
first falling edge of TCK, TDO goes from the high-impedance state to an active state. TDO enables to the logic 
level present in the least-significant bit of the selected data register. 

While in the stable Shift-DR state, data is serially shifted through the selected data register on each TCK cycle. 
The first shift occurs on the first rising edge of TCK after entry to the Shift-DR state (i.e., no shifting occurs during 
the TCK cycle in which the TAP controller changes from Capture-DR to Shift-DR or from Exit2-DR to Shift-DR). 
The last shift occurs on the rising edge of TCK, upon which the TAP controller exits the Shift-DR state. 

Exit1-DR, Exlt2-DR 

The Exit1-DR and Exit2-DR states are temporary states that end a data-register scan. It is possible to return 
to the Shift-DR state from either Exit1-DR or Exit2-DR without recapturing the data register. On the first falling 
edge of TCK after entry to Exit1-DR, TDO goes from the active state to the high-impedance state. 

Pause-DR 

No specific function is performed in the stable Pause-DR state, in which the TAP controller can remain 
indefinitely. The Pause-DR state suspends and resumes data-register scan operations without loss of data. 

Update-DR 

If the current instruction calls for the selected data register to be updated with current data, such update occurs 
on the falling edge of TCK following entry to the Update-DR state. 

Capture-IR 

When an instruction-register scan is selected, the TAP controller must pass through the Capture-IR state. In 
the Capture-IR state, the instruction register captures its current status value. This capture operation occurs 
on the rising edge of TCK, upon which the TAP controller exits the Capture-IR state. For the 'LVTH1 8640 and 
'LVTH1 82640, the status value loaded in the Capture-IR state is the fixed binary value 1 0000001 . 

Shift-IR 

Upon entry to the Shift-IR state, the instruction register is placed in the scan path between TDI and TDO, and 
on the first falling edge of TCK, TDO goes from the high-impedance state to an active state. TDO enables to 
the logic level present in the least-significant bit of the instruction register. 

While in the stable Shift-IR state, instruction data is serially shifted through the instruction register on each TCK 
cycle. The first shift occurs on the first rising edge of TCK after entry to the Shift-IR state (i.e., no shifting occurs 
during the TCK cycle in which the TAP controller changes from Capture-IR to Shift-IR or from Exit2-IR to 
Shift-IR). The last shift occurs on the rising edge of TCK, upon which the TAP controller exits the Shift-IR state. 

Exitl-IR, Exit2-IR 

The Exit1-IR and Exit2-IR states are temporary states that end an instruction-register scan. It is possible to 
return to the Shift-IR state from either Exit1-IR or Exit2-IR without recapturing the instruction register. On the 
first falling edge of TCK after entry to Exitl-IR, TDO goes from the active state to the high-impedance state. 

Pause-IR 

No specific function is performed in the stable Pause-IR state, in which the TAP controller can remain 
indefinitely. The Pause-IR state suspends and resumes instruction-register scan operations without loss 
of data. 

Update-IR 

The current instruction is updated and takes effect on the falling edge of TCK, following entry to the 
Update-IR state. 
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register overview 

With the exception of the bypass and device-identification registers, any test register can be thought of as a 
serial-shift register with a shadow latch on each bit. The bypass and device-identification registers differ in that 
they contain only a shift register. During the appropriate capture state (Capture-IR for instruction register, 
Capture-DR for data registers), the shift register can be parallel loaded from a source specified by the current 
instruction. During the appropriate shift state (Shift-IR or Shift-DR), the contents of the shift register are shifted 
out from TDO while new contents are shifted in at TDI. During the appropriate update state (Update-IR or 
Update-DR), the shadow latches are updated from the shift register. 

instruction register description 

The instruction register (IR) is eight bits long and tells the device what instruction is to be executed. Information 
contained in the instruction includes the mode of operation (either normal mode, in which the device performs 
its normal logic function, or test mode, in which the normal logic function is inhibited or altered), the test operation 
to be performed, which of the four data registers is to be selected for inclusion in the scan path during 
data-register scans, and the source of data to be captured into the selected data register during Capture-DR. 

Table 3 lists the instructions supported by the 'LVTH1 8640 and 'LVTH 1 82640. The even-parity feature specified 
for SCOPE™ devices is supported in this device. Bit 7 of the instruction opcode is the parity bit. Any instructions 
that are defined for SCOPE™ devices but are not supported by this device default to BYPASS. 

During Capture-IR, the IR captures the binary value 1 0000001 . As an instruction is shifted in, this value is shifted 
out via TDO and can be inspected as verification that the IR is in the scan path. During Update-IR, the value 
that has been shifted into the IR is loaded into shadow latches. At this time, the current instruction is updated 
and any specified mode change takes effect. At power up or in the Test-Logic-Reset state, the IR is reset to the 
binary value 10000001 , which selects the IDCODE instruction. The IR order of scan is shown in Figure 2. 



Bit 7 




























BitO 
(LSB) 


Parity 
(MSB) 


— ► 


Bit 6 


— ► 


Bit 5 


— ► 


Bit 4 


— ► 


Bit 3 


— ► 


Bit 2 


— ► 


Blt1 


— ► 



Figure 2. Instruction Register Order of Scan 
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data register description 
boundary-scan register 

The boundary-scan register (BSR) is 44 bits long. It contains one boundary-scan cell (BSC) for each 
normal-function input pin, one BSC for each normal-function I/O pin (one single cell for both input data and 
output data), and one BSC for each of the internally decoded output-enable signals (10EA, 20EA, 10EB, 
20EB). The BSR is used 1) to store test data that is to be applied externally to the device output pins, and/or 
2) to capture data that appears internally at the outputs of the normal on-chip logic and/or externally at the device 
input pins. 

The source of data to be captured into the BSR during Capture-DR is determined by the current instruction. The 
contents of the BSR can change during Run-Test/Idle as determined by the current instruction. At power up 
or in Test-Logic-Reset, BSCs 43-40 are reset to logic 0, ensuring that these cells, which control A-port and 
B-port outputs, are set to benign values (i.e., if test mode were invoked, the outputs would be at high-impedance 
state). Reset values of other BSCs should be considered indeterminate. 

When external data is to be captured, the BSCs for signals 1 0EA, 20EA, 1 0EB, and 20EB capture logic values 
determined by the following positive-logic equations: 

10EA = T(5e • 1DIR and 20EA = 20°? • 2DIR, 10EB = To°E • DIR and 20EB = 20E • DIR. 
When data is to be applied externally, these BSCs control the drive state (active or high impedance) of their 
respective outputs. 

The BSR order of scan is from TDI through bits 43-0 to TDO. Table 1 shows the BSR bits and their associated 
device pin signals. 



Table 1. Boundary-Scan Register Configuration 



BSR BIT 
NUMBER 


DEVICE 
SIGNAL 


BSR BIT 
NUMBER 


DEVICE 
SIGNAL 


BSR BIT 
NUMBER 


DEVICE 
SIGNAL 


BSR BIT 
NUMBER 


DEVICE 
SIGNAL 


BSR BIT 
NUMBER 


DEVICE 
SIGNAL 


43 


20EB 


35 


2A9-I/0 


26 


1A9-I/0 


17 


2B9-I/0 


8 


1B9-I/0 


42 


10EB 


34 


2A8-I/0 


25 


1A8-I/0 


16 


2B8-I/0 


7 


1B8-I/0 


41 


20EA 


33 


2A7-I/0 


24 


1A7-I/0 


15 


2B7-I/0 


6 


1B7-I/0 


40 


10EA 


32 


2A6-I/0 


23 


1A6-I/0 


14 


2B6-I/0 


5 


1B6-I/0 


39 


2DIR 


31 


2A5-I/0 


22 


1A5-I/0 


13 


2B5-I/0 


4 


1B5-I/0 


38 


1DIR 


30 


2A4-I/0 


21 


1A4-I/0 


12 


2B4-I/0 


3 


1B4-I/0 


37 


20E 


29 


2A3-I/0 


20 


1A3-I/0 


11 


2B3-I/0 


2 


1B3-I/0 


36 


10E 


28 


2A2-I/0 


19 


1A2-I/0 


10 


2B2-I/0 


1 


1B2-I/0 






27 


2A1-I/0 


18 


1A1-I/0 


9 


2B1-I/0 


0 . 


1B1-I/0 
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boundary-control register 

The boundary-control register (BCR) is three bits long. The BCR is used in the context of the RUNT instruction 
to implement additional test operations not included in the basic SCOPE™ instruction set. Such operations 
include PRPG, PSA, and binary count up (COUNT). Table 4 shows the test operations that are decoded by 
the BCR. 

During Capture-DR, the contents of the BCR are not changed. At power up or in Test-Logic-Reset, the BCR is 
reset to the binary value 01 0, which selects the PSA test operation. The BCR order of scan is shown in Figure 3. 



► TDO 




Figure 3. Boundary-Control Register Order of Scan 



bypass register 



The bypass register is a 1-bit scan path that can be selected to shorten the length of the system scan path, 
reducing the number of bits per test pattern that must be applied to complete a test operation.During 
Capture-DR, the bypass register captures a logic 0. The bypass register order of scan is shown in Figure 4. 



TDl 




► TDO 



Figure 4. Bypass Register Order of Scan 
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device-identification register 

The device-identification register (IDR) is 32 bits long. It can be selected and read to identify the manufacturer, 
part number, and version of this device. 

For the 'LVTH18640, the binary value 00000000000000110000000000101111 (0003002F, hex) is captured 
(during Capture-DR state) in the device-identification register to identify this device as Texas Instruments 
SN54/74LVTH 18640. 

For the 'LVTH1 82640, the binary value 00000000000000110001000000101111 (00031 02F, hex) is captured 
(during Capture-DR state) in the device-identification register to identify this device as Texas Instruments 
SN54/74LVTH 182640. 

The IDR order of scan is from TDI through bits 31-0 to TDO. Table 2 shows the IDR bits and their significance. 



Table 2. Device-Identification Register Configuration 



IDR BIT 
NUMBER 


IDENTIFICATION 
SIGNIFICANCE 


IDR BIT 
NUMBER 


IDENTIFICATION 
SIGNIFICANCE 


IDR BIT 
NUMBER 


IDENTIFICATION 
SIGNIFICANCE 


31 


VERSION3 


27 


PARTNUMBER15 


11 


MANUFACTURERIOt 


30 


VERSION2 


26 


PARTNUMBER14 


10 


MANUFACTURER09T 


29 


VERSION 1 


25 


PARTNUMBER13 


9 


MANUFACTURER08T 


28 


VERSION0 


24 


PARTNUMBER12 


8 


MANUFACTURER07T 






23 


PARTNUMBER11 


7 


MANUFACTURER06T 






22 


PARTNUMBER10 


6 


MANUFACTURER05T 






21 


PARTNUMBER09 


5 


MANUFACTURER04T 






20 


PARTNUMBER08 


4 


MANUFACTURER03T 






19 


PARTNUMBER07 


3 


MANUFACTURER02t 






18 


PARTNUMBER06 


2 


MANUFACTURER01T 






17 


PARTNUMBER05 


1 


MANUFACTURER00T 






16 


PARTNUMBER04 


0 


LOGIClt 






15 


PARTNUMBER03 










14 


PARTNUMBER02 










13 


PARTNUMBER01 










12 


PARTNUMBER00 







- t Note that for Tl products, bits 11-0 of the device-identification register always contain the binary value 000000101111 



(02F, hex). 
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instruction-register opcode description 

The instruction-register opcodes are shown in Table 3. The following descriptions detail the operation of 
each instruction. 



Table 3. Instruction-Register Opcodes 



BINARY CODEt 
BIT 7 -> BIT 0 
MSB -> LSB 


SCOPE OPCODE 


DESCRIPTION 


SELECTED DATA 
REGISTER 


MODE 


00000000 


EXTEST 


Boundary scan 


Boundary scan 


Test 


10000001 


IDCODE 


Identification read 


Device identification 


Normal 


10000010 


SAMPLE/PRELOAD 


Sample boundary 


Boundary scan 


Normal 


00000011 


BYPASS* 


Bypass scan 


Bypass 


Normal 


10000100 


BYPASS* 


Bypass scan 


Bypass 


Normal 


00000101 


BYPASS* 


Bypass scan 


Bypass 


Normal 


00000110 


HIGHZ 


Control boundary to high impedance 


Bypass 


Modified test 


10000111 


CLAMP 


Control boundary to 1/0 


Bypass 


Test 


10001000 


BYPASS* 


Bypass scan 


Bypass 


Normal 


00001001 


RUNT 


Boundary run test 


Bypass 


Test 


00001010 


READBN 


Boundary read 


Boundary scan 


Normal 


10001011 


READBT 


Boundary read 


Boundary scan 


Test 


00001100 


CELLTST 


Boundary self test 


Boundary scan 


Normal 


10001101 


TOPHIP 


Boundary toggle outputs 


Bypass 


Test 


10001110 


SCANCN 


Boundary-control register scan 


Boundary control 


Normal 


00001111 


SCANCT 


Boundary-control register scan 


Boundary control 


Test 


All others 


BYPASS 


Bypass scan 


Bypass 


Normal 



t Bit 7 is used to maintain even parity in the 8-bit instruction. 

*The BYPASS instruction is executed in lieu of a SCOPE™ instruction that is not supported in the 'LVTH18640 and 'LVTH182640. 



boundary scan 

This instruction conforms to the IEEE Standard 1149.1-1990 EXTEST instruction. The BSR is selected in the 
scan path. Data appearing at the device input and I/O pins is captured in the associated BSCs. Data that has 
been scanned into the input BSCs is applied to the inputs of the normal on-chip logic, while data scanned into 
the I/O BSCs for pins in the output mode is applied to the device I/O pins. Data present at the device I/O pins 
is passed through the I/O BSCs to the normal on-chip logic. For I/O pins, the operation of a pin as input or output 
is determined by the contents of the output-enable BSCs (bits 43-40 of the BSR). When a given output enable 
is active (logic 1), the associated I/O pins operate in the output mode. Otherwise, the I/O pins operate in the 
input mode. The device operates in trie test mode. 

identification read 

This instruction conforms to the IEEE Standard 1149.1-1990 IDCODE instruction. The IDR is selected in the 
scan path. The device operates in the normal mode. 

sample boundary 

This instruction conforms to the IEEE Standard 1149.1-1990 SAMPLE/PRELOAD instruction. The BSR is 
selected in the scan path. Data appearing at the device input pins and I/O pins in the input mode is captured 
in the associated BSCs, while data appearing at the outputs of the normal on-chip logic is captured in the BSCs 
associated with I/O pins in the output mode. The device operates in the normal mode. 
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bypass scan 

This instruction conforms to the IEEE Standard 1149.1-1990 BYPASS instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. The device 
operates in the normal mode. 

control boundary to high impedance 

This instruction conforms to the IEEE Standard 11 49.1 a-1 993 HIGHZ instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. The device 
operates in a modified test mode in which all device I/O pins are placed in the high-impedance state, the device 
input pins remain operational, and the normal on-chip logic function is performed. 

control boundary to 1/0 

This instruction conforms to the IEEE Standard 11 49.1 a-1 993 CLAMP instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass registerduring Capture-DR. Data in the input 
BSCs is applied to the inputs of the normal on-chip logic, while data in the I/O BSCs for pins in the output mode 
is applied to the device I/O pins. The device operates in the test mode. 

boundary-run test 

The bypass register is selected in the scan path. A logic 0 value is captured in the bypass register during ^ 

Capture-DR. The device operates in the test mode. The test operation specified in the BCR is executed during ^ 

Run-Test/ldle. The five test operations decoded by the BCR are: sample inputs/toggle outputs (TOPSIP), LU 

PRPG, PSA, simultaneous PSA and PRPG (PSA/PRPG), and simultaneous PSA and binary count up ^ 

(PSA/COUNT). jjj 

boundary read CC 

The BSR is selected in the scan path. The value in the BSR remains unchanged during Capture-DR. This ^" 
instruction is useful for inspecting data after a PSA operation. |— 



boundary self test 



o 



The BSR is selected in the scan path. All BSCs capture the inverse of their current values during Capture-DR. Q 
In this way, the contents of the shadow latches can be read out to verify the integrity of both shift-register and Q 
shadow-latch elements of the BSR. The device operates in the normal mode. ^» 

boundary toggle outputs Q_ 

The bypass register is selected in the scan path. A logic 0 value is captured in the bypass register during 
Capture-DR. Data in the shift-register elements of the selected output-mode BSCs is toggled on each rising 
edge of TCK in Run-Test/ldle, updated in the shadow latches, and applied to the associated device I/O pins 
on each falling edge of TCK in Run-Test/ Idle. Data in the input-mode BSCs remains constant. Data appearing 
at the device input or I/O pins is not captured in the input-mode BSCs. The device operates in the test mode. 

boundary-control-register scan 

The BCR is selected in the scan path. The value in the BCR remains unchanged during Capture-DR. This 
operation must be performed before a boundary-run test operation to specify which test operation is to 
be executed. 
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boundary-control-register opcode description 

The BCR opcodes are decoded from BCR bits 2-0 as shown in Table 4. The selected test operation is performed 
while the RUNT instruction is executed in the Run-Test/Idle state. The following descriptions detail the operation 
of each BCR instruction and illustrate the associated PSA and PRPG algorithms. 



Table 4. Boundary-Control Register Opcodes 



BINARY CODE 
BIT 2 -> BIT 0 
MSB -> LSB 


DESCRIPTION 


XOO 


Sample inputs/toggle outputs (TOPSIP) 


X01 


Pseudo-random pattern generation/36-bit mode (PRPG) 


X10 


Parallel-signature analysis/36-bit mode (PSA) 


011 


Simultaneous PSA and PRPG/1 8-bit mode (PSA/ PRPG) 


111 


Simultaneous PSA and binary count up/18-bit mode (PSA/COUNT) 



While the control input BSCs (bits 43-36) are not included in the toggle, PSA, PRPG, or COUNT algorithms, 
the output-enable BSCs (bits 43-40 of the BSR) control the drive state (active or high impedance) of the selected 
device output pins. These BCR instructions are valid only when both bytes of the device are operating in one 
direction of data flow (that is, 1 0EA * 1 0EB and 20EA * 20EB) and in the same direction of data flow (that is, 
10EA= 20EA and 10EB = 20EB). Otherwise, the bypass instruction is operated. 

sample inputs/toggle outputs (TOPSIP) 

Data appearing at the selected device input-mode I/O pins is captured in the shift-register elements of the 
associated BSCs on each rising edge of TCK. Data in the shift-register elements of the selected output-mode 
BSCs is toggled on each rising edge of TCK, updated in the shadow latches, and applied to the associated 
device I/O pins on each falling edge of TCK. 
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pseudo-random pattern generation (PRPG) 

A pseudo-random pattern is generated in the shift-register elements of the selected BSCs on each rising edge 
of TCK, updated in the shadow latches, and applied to the associated device output-mode I/O pins on each 
falling edge of TCK. Figures 5 and 6 show the 36-bit linear-feedback shift-register algorithms through which the 
patterns are generated. An initial seed value should be scanned into the BSR before performing this operation. 
A seed value of all zeroes does not produce additional patterns. 

2A9-I/0 2A8-I/0 2A7-I/0 2A6-I/0 2A5-I/0 2A4-I/0 2A3-1/0 2A2-I/0 2A 1-1/0 



1A9-I/0 1A8-I/0 1A7-I/0 1A6-I/0 1A5-I/0 1A4-I/0 1A3-1/0 1A2-I/0 1A1-I/0 




2B9-I/0 2B8-I/0 2B7-I/0 2B6-1/0 2B5-I/0 2B4-I/0 2B3-1/0 2B2-I/0 2B1-I/0 



B9-I/0 1B8-I/0 1B7-I/0 1B6-I/0 1B5-I/0 1B4-I/0 1B3-I/0 1B2-I/0 1B1-I/0 

Figure 5. 36-Bit PRPG Configuration (10EA = 20EA = 0, 10EB = 20EB = 1) 
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2B9-I/0 2B8-I/0 2B7-I/0 2B6-I/0 2B5-I/0 2B4-I/0 2B3-I/0 2B2-I/0 2B1-I/0 



1B9-I/0 1B8-I/0 1B7-I/0 1B6-I/0 1B5-I/0 1B4-I/0 1B3-I/0 1B2-I/0 1B1-I/0 
» ► ► 



r ^ 



r t i 



2A9-I/0 2A8-I/0 2A7-I/0 2A6-I/0 2A5-I/0 2A4-I/0 2A3-I/0 2A2-I/0 2A1-I/0 



©■!> 



1A9-I/0 1A8-I/0 1A7-I/0 1A6-I/0 1A5-I/0 1A4-I/0 1A3-I/0 1A2-I/0 1A1-I/0 

Figure 6. 36-Bit PRPG Configuration (10EA = 20EA = 1, 10EB = 20EB = 0) 
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parallel-signature analysis (PSA) 

Data appearing at the selected device input-mode I/O pins is compressed into a 36-bit parallel signature in the 
shift-register elements of the selected BSCs on each rising edge of TCK. Data in the shadow latches of the 
selected output-mode BSCs remains constant and is applied to the associated device I/O pins. Figures 7 and 8 
show the 36-bit linear-feedback shift-register algorithms through which the signature is generated. An initial 
seed value should be scanned into the BSR before performing this operation. 
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Figure 7. 36-Bit PSA Configuration (10EA = 20EA = 0, 10EB = 20EB = 1) 
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Figure 8. 36-Bit PSA Configuration (10EA = 20EA = 1, 10EB = 20EB = 0) 
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simultaneous PSA and PRPG (PSA/PRPG) 

Data appearing at the selected device input-mode I/O pins is compressed into an 1 8-bit parallel signature in 
the shift-register elements of the selected input-mode BSCs on each rising edge of TCK. At the same time, an 
1 8-bit pseudo-random pattern is generated in the shift-register elements of the selected output-mode BSCs on 
each rising edge of TCK, updated in the shadow latches, and applied to the associated device I/O pins on each 
falling edge of TCK. Figures 9 and 10 show the 18-bit linear-feedback shift-register algorithms through which 
the signature and patterns are generated. An initial seed value should be scanned into the BSR before 
performing this operation. A seed value of all zeroes does not produce additional patterns. 
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Figure 9. 18-Bit PSA/PRPG Configuration (10EA = 20EA = 0, 10EB = 20EB = 1) 
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Figure 10. 18-Bit PSA/PRPG Configuration (10EA = 20EA = 1, 10EB = 20EB = 0) 
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simultaneous PSA and binary count up (PSA/COUNT) 

Data appearing at the selected device input-mode I/O pins is compressed into an 1 8-bit parallel signature in 
the shift-register elements of the selected input-mode BSCs on each rising edge of TCK. At the same time, an 
1 8-bit binary count-up pattern is generated in the shift-register elements of the selected output-mode BSCs on 
each rising edge of TCK, updated in the shadow latches, and applied to the associated device I/O pins on each 
falling edge of TCK. Figures 1 1 and 1 2 show the 1 8-bit linear-feedback shift-register algorithms through which 
the signature is generated. An initial seed value should be scanned into the BSR before performing 
this operation. 
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Figure 11. 18-Bit PSA/COUNT Configuration (10EA = 20EA = 0, 10EB = 20EB = 1) 
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Figure 12. 18-Bit PSA/COUNT Configuration (10EA = 20EA = 1, 10EB = 20EB = 0) 
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timing description 

All test operations of the 'LVTH1 8640 and "LVTH1 82640 are synchronous to TCK. Data on the TDI, TMS, and 
normal-function inputs is captured on the rising edge of TCK. Data appears on the TDO and normal-function 
output pins on the falling edge of TCK. The TAP controller is advanced through its states (as shown in Figure 1 ) 
by changing the value of TMS on the falling edge of TCK and then applying a rising edge to TCK. 

A simple timing example is shown in Figure 13. In this example, the TAP controller begins in the 
Test-Logic-Reset state and is advanced through its states as necessary to perform one instruction-register scan 
and one data-register scan. While in the Shift-IR and Shift-DR states, TDI is used to input serial data, and TDO 
is used to output serial data. The TAP controller is then returned to the Test-Logic-Reset state. Table 5 details 
the operation of the test circuitry during each TCK cycle. 



Table 5. Explanation of Timing Example 



TCK 
CYCLE(S) 


TAP STATE 
AFTER TCK 


DESCRIPTION 


1 


Test-Logic-Reset 


TMS is changed to a logic 0 value on the falling edge of TCK to begin advancing the TAP controller toward 
the desired state. 


O 
£. 


Run-Test/ldle 




3 


Select-DR-Scan 




A 
4 


Select-IR-Scan 




5 


Capture-IR 


The IR captures the 8-bit binary value 1 0000001 on the rising edge of TCK as the TAP controller exits the 
Capture-IR state. 


6 


Shift-IR 


TDO becomes active and TDI is made valid on the falling edge of TCK. The first bit is shifted into the TAP 
on the rising edge of TCK as the TAP controller advances to the next state. 


7-13 


Shift-IR 


One bit is shifted into the IR on each TCK rising edge. With TDI held at a logic 1 value, the 8-bit binary value 
11111111 isserially scanned into the IR.Atthe same time, the 8-bit binary value 10000001 is serially scanned 
out of the IR via TDO. In TCK cycle 13, TMS is changed to a logic 1 value to end the IR scan on the next 
TCK cycle. The last bit of the instruction is shifted as the TAP controller advances from Shift-IR to Exit 1 -I R. 


14 


Exitl-IR 


TDO becomes inactive (goes to the high-impedance state) on the falling edge of TCK. 


15 


Update-IR 


The IR is updated with the new instruction (BYPASS) on the falling edge of TCK. 


16 


Select-DR-Scan 




17 


Capture-DR 


The bypass register captures a logic 0 value on the rising edge of TCK as the TAP controller exits the 
Capture-DR state. 


18 


Shift-DR 


TDO becomes active and TDI is made valid on the falling edge of TCK. The first bit is shifted into the TAP 
on the rising edge of TCK as the TAP controller advances to the next state. 


19-20 


Shift-DR 


The binary value 101 is shifted in via TDI, while the binary value 010 is shifted out via TDO. 


21 


Exit1-DR 


TDO becomes inactive (goes to the high-impedance state) on the falling edge of TCK. 


22 


Update-DR 


In general, the selected data register is updated with the new data on the falling edge of TCK. 


23 


Select-DR-Scan 




24 


Select-IR-Scan 




25 


Test-Logic-Reset 


Test operation completed 
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Figure 13. Timing Example 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, Vcc -0-5 V to 4.6 V 

Input voltage range, V| (see Note 1) -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq (see Note 1 ) -0.5 V to 7 V 

Current into any output in the low state, lo: SN54LVTH1 8640 96 m A 

SN54LVTH182640(AportorTDO) 96 mA 

SN54LVTH182640(Bport) 30 mA 

SN74LVTH 18640 128mA 

SN74LVTH 182640 (A port or TDO) 128 mA 

SN74LVTH 1 82640 (B port) 30 mA 

Current into any output in the high state, lo (see Note 2): SN54LVTH18640 48 mA 

SN54LVTH182640(AportorTDO) 48 mA 

SN54LVTH182640(Bport) 30 mA 

SN74LVTH 18640 64 mA 

SN74LVTH 182640 (A port or TDO) 64 mA 

SN74LVTH 1 82640 (B port) 30 mA 

Input clamp current, I|k (V| < 0) -50 mA 

Output clamp current, Iok ( v 0 < °) -50 mA 

Maximum power dissipation at = 55°C (in still air) (see Note 3): DGG package 1 W 

DL package 1 .4 W 

Storage temperature range, T s t g -65°C to 1 50°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1 . The input and output negative-voltage ratings can be exceeded if the input and output clamp-current ratings are observed. 

2. This current will only flow when the output is in the high state and Vq > Vcc- 

3. The maximum package power dissipation is calculated using a junction temperature of 150°C and a board trace length of 750 mils. 
For more information, refer to the Package Thermal Considerations application note in the ABT Advanced BiCMOS Technology Data 
Book, literature number SCBD002. 
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recommended operating conditions 









SN54LVTH18640 


SN74LVTH18640 


UNIT 








MIN 


MAX 


MIN 


MAX 


vcc 


Supply voltage 




2.7 


3.6 


2.7 


3.6 


V 


V|H 


High-level input voltage 




2 


2 


V 


V|L 


Low-level input voltage 




0.8 


0.8 


V 


V| 


Input voltage 




5.5 


5.5 


V 


'OH 


High-level output current 




-24 


-32 


mA 


lOL 


Low-level output current 




24 


32 


mA 


ioi_t 


Low-level output current 




48 


64 


mA 


At/Av 


Input transition rise or fall rate 


Outputs enabled 


10 


10 


ns/V 


T A 


Operating free-air temperature 




-55 


125 


-40 


85 


°C 



t Current duty cycle < 50%, f > 1 kHz 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (see Note 4) 



PARAMETER 


TEST CONDITIONS 


SN54LVTH18640 


SN74LVTH18640 


UNIT 


MIN TYPt MAX 


MIN TYPt MAX 


V|K 


Vcc = 2.7 V, l|=-18mA 


-1.2 


-1.2 


V 


VOH 


V C C = MIN to MAX*, IOH=- 1 00nA 




\j nn —n 2 

v(_,(J— <J.^ 


V 


V C C = 2.7 V, l 0 H = -3mA 


2.4 


2.4 


V C C = 3 V 


Iqh = -6 mA 


2.4 


2.4 


lOH = -24 mA 


2 




lOH = "32 mA 




2 


vol 


V C C = 2.7 V 


IOL= 100 nA 


0.2 


0.2 


V 


Iql = 24 mA 


0.5 


0.5 


V C C = 3 V 


IOL= 16 mA 


0.4 


0.4 


lOL = 32 mA 


0.5 


0.5 


lOL = 48 mA 


0.55 




IQL = 64 mA 




0.55 


ii 


DIR.TCK 


Vcc = 3.6 V, V| = Vcc or GND 


+1 


±1 


HA 


Vcc = 0 or MAX*, V| = 5.5 V 


10 


10 


OE, TDI, 
TMS 


V C C = 3.6 V 


V| = 5.5 V 


50 


50 


V| = V CC 


1 


1 


V| = 0 


-25 -100 


-25 -100 


AorB 
ports§ 


V C C = 3.6 V 


V| = 5.5 V 


20 


20 


V|=V CC 


1 


1 


V| = 0 


-5 


-5 


'off 


Vcc = 0, V| or Vq = 0 to 4.5 V 




±100 


uA 


1 1 (hold) 11 


AorB 
ports 


V C C = 3 V 


V| = 0.8 V 


75 500 


75 150 500 


HA 


V| = 2V 


-75 -500 


-75 -170 -500 


'OZH 


TDO 


Vcc = 3.6 V, Vo = 3 V 


1 


1 


\iA 


'OZL 


TDO 


Vcc = 3.6 V, Vo = 0.5 V 


-1 


-1 


jiA 


lOZPU 


TDO 


Vcc = 0 to 1.5 V, Vo = 0.5Vor3V 


±50 


±50 


HA 


lOZPD 


TDO 


Vcc = 1-5V toO, Vo = 0.5Vor3V 


±50 


±50 


HA 


ice 


V C C = 3.6 V, 

io = o, 

V| o Vcc or GND 


Outputs high 


2 


2 


mA 


Outputs low 


30 


30 


Outputs disabled 


2 


2 


Alec* 


Vcc = 3 V to 3.6 V, 
One input at Vcc - °- 6 v , 
Other inputs at Vcc or GND 


0.2 


0.2 


mA 


Cj 


V| = 3VorO 


4 


4 


PF 


Cj 0 


Vo = 3 V or 0 


11 


11 


PF 


Co 


Vq = 3 V or 0 


8 


8 


PF 



t All typical values are at Vcc = 3.3 V, Ta = 25°C. 
* For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
§ Unused pins at Vcc or GND 

H The parameter l|(hold) includes the off-state output leakage current. 

#This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc ° r GND. 
NOTE 4: Product preview specifications are design goals only and are subject to change without notice. 
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timing requirements over recommended operating free-air temperature range (unless otherwise 
noted) (test mode) (see Note 4 and Figure 14) 





SN54LVTH18640 


SN74LVTH 18640 


UNIT 


v — O a O V 

±0.3V 


V C C = 2.7 V 


v cq — o.o v 

±0.3V 


V C C = 2.7 V 


MIN MAX 


MIN MAX 


MIN MAX 


MIN MAX 


'clock Clock frequency 


TCK 






0 50 




MHz 


t w Pulse duration 


TCK high or low 






9.5 




ns 


t su Setup time 


A, B, DIR. or OE before TCKT 






6.5 




ns 


TDI before TCKT 






2.5 




TMS before TCK? 






2.5 




t n Hold time 


A, B, DIR, or OE after TCKT 






1.5 




ns 


TDI after TCKT 






1.5 




TMS after TCKT 






1.5 




td Delay time 


Power up to TCKT 






50 




ns 


t r Rise time 


Vcc P ower U P 






1 




US 



NOTE 4: Product preview specifications are design goals only and are subject to change without notice. 
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switching characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (normal mode) (see Note 4 and Figure 14) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


SN54LVTH18640 


SN74LVTH18640 


UNIT 


V C C = 3.3V 
±0.3V 


V C C = 2.7V 


V C C = 3.3V 
+ 0.3V 


V C C = 2.7 V 


MIN MAX 


MIN MAX 


MIN MAX 


MIN MAX 


tPLH 


A or B 


Bor A 






1.5 5.5 




ns 


tPHL 






1.5 5.5 




tPZH 


OE 


Bor A 






2 9.5 




ns 


tpZL 






2 9.5 




tPHZ 


OE 


Bor A 






2.5 10.5 




ns 


tPLZ 






2.5 9.5 





NOTE 4: Product preview specifications are design goals only and are subject to change without notice. 



switching characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (test mode) (see Note 4 and Figure 14) 









SN54LVTH18640 


SN74LVTH18640 




PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V C C = 3.3 V 
±0.3V 


V C C = 2.7V 


V CC = 3.3V 
±0.3V 


vcc = 


2.7 V 


UNIT 








MIN MAX 


MIN MAX 


MIN 


MAX 


MIN 


MAX 




'max 


TCKi 








50 




MHz 


tPLH 


TCrU 


AorB 






2.5 


15 




ns 


tPHL 






2.5 


15 




tPLH 


TCKi 


TDO 






1.5 


7 




ns 


tPHL 






1.5 


7 




tpZH 


TCKi 


AorB 






3 


18 




ns 


IPZL 






3 


18 




tpZH 


TCKi 


TDO 






1.5 


7 




ns 


tpZL 






1.5 


7 




tPHZ 


TCKi 


AorB 






3 


19 




ns 


tPLZ 






3 


19 




tPHZ 


TCKi 


TDO 






1.5 


8 




ns 


tPLZ 






1.5 


8 





NOTE 4: Product preview specifications are design goals only and are subject to change without notice. 
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recommended operating conditions 









SN54LVTH1 82640 


SN74LVTH1 82640 


UNIT 








MIN 


MAX 


MIN 


MAX 


v C c 


Supply voltage 




2.7 


3.6 


2.7 


3.6 


V 


V|H 


High-level input voltage 




2 


2 


V 


V|L 


Low-level input voltage 




0.8 


0.8 


V 


V| 


Input voltage 




5.5 


5.5 


V 


'OH 


High-level output current 


A port or TDO 


-24 


-32 


mA 


Bport 


-12 


-12 


lOL 


Low-level output current 


A port or TDO 


24 


32 


mA 


B port 


12 


12 


lOL 1 " 


Low-level output current 


A port or TDO 


48 


64 


mA 


At/Av 


Input transition rise or fall rate 


Outputs enabled 


10 


10 


nsA/ 


TA 


Operating free-air temperature 




-55 


125 


-40 


85 


°C 



t Current duty cycle < 50%, f > 1 kHz 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (see Note 4) 



PARAMETER 


TEST CONDITIONS 


SN54LVTH1 82640 


SN74LVTH1 82640 


UNIT 


MIN TYPt MAX 


MIN TYPt MAX 


V|K 


Vcc = 2.7V, l|=-18mA 


-1.2 


-1.2 


V 


VOH 


A port, 
TDO ' 


Vcc = MIN to MAX*, loH = -1 00 |xA 


VcC-0-2 


VCC-0-2 


V 


Vcc = 2.7V, l 0 H=-3rnA 


2.4 


2.4 


V C C = 3 V 


lOH = -6 rnA 


2.4 


2.4 


'OH = - 24 mA 


2 




Iqh = -32 mA 




2 


Bport 


Vcc = 3V, l 0 H = -12mA 


2 


2 


vol 


A port, 
TDO 


VCC = 2.7 V 


iOL= 100 \iA 


0.2 


0.2 


V 


lOL - 24 mA 


0.5 


0.5 


Vcc = 3 V 


iOL= 16 mA 


0.4 


0.4 


lOL = 32 mA 


0.5 


0.5 


lOL = 48 mA 


0.55 




Iql = 64 mA 




0.55 


B port 


VcC = 3V, loL=12mA 


0.8 


0.8 


ii 


DIR. TCK 


Vcc = 3.6 V, V| = Vcc or GND 


±1 


±1 


\iA 


VCC = 0 or MA X*. V| = 5.5 V 


10 


10 


OE, TDI, 
TMS 


VCC - 3.6 V 


V| = 5.5 V 


50 


50 


V| = V CC 


1 


1 


V| = 0 


-25 -100 


-25 -100 


AorB 
ports§ 


V C C = 3.6 V 


V| = 5.5 V 


20 


20 


V| = V CC 


1 


1 


V| = 0 


-5 


-5 


loft 


Vcc = 0, V| or Vq = 0 to 4.5 V 




±100 


HA 


ll(hold) 11 


AorB 
ports 


Vcc = 3 V 


V| = 0.8 V 


75 500 


75 150 500 


HA 


V|=2V 


-75 -500 


-75 -170 -500 


'OZH 


TDO 


Vcc = 3.6 V, Vo = 3 V 


1 


1 


U.A 


lOZL 


TDO 


Vcc = 3.6 V, Vo = 0.5 V 


-1 


-1 


HA 


'OZPU 


TDO 


Vcc = 0 to 1.5 V, Vo = 0.5Vor3V 


±50 


±50 


U.A 


'OZPD 


TDO 


Vcc = 1-5VtoO, Vo = 0.5Vor3V 


±50 


±50 


uA 


ice 


V C C - 3.6 V, 

io-o. 

V| = Vcc or GND 


Outputs high 


2 


2 


mA 


Outputs low 


35 


35 


Outputs disabled 


2 


2 


Alcc # 


Vcc = 3 V to 3.6 V, One input at Vcc - 0-6 V, 
Other inputs at Vcc or GND 


0.2 


0.2 


mA 


Cj 


V| = 3 V or 0 


4 


4 


PF 


Cj 0 


Vq = 3 V or 0 


11 


11 


PF 


Co 


Vq = 3 V or 0 


8 


8 


PF 



t All typical values are at Vcc = 3.3 V, Ta = 25°C. 

* For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
§ Unused pins at Vcc or ^ ND 

' The parameter 1 1 (hold) includes the off-state output leakage current. 

#This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND - 
NOTE 4: Product preview specifications are design goals only and are subject to change without notice. 
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timing requirements over recommended operating free-air temperature range (unless otherwise 
noted) (test mode) (see Note 4 and Figure 14) 





SN54LVTH1 82640 


SN74LVTH1 82640 


UNIT 


V C C = 3.3 V 
±0.3V 


VCC = 2.7 V 


V C C = 3.3 V 
±0.3V 


<»CC — Ami V 


MIN MAX 


MIN MAX 


MIN MAX 


MIN MAX 


'clock Clock frequency 


TCK 






0 50 




MHz 


t w Pulse duration 


TCK high or low 






9.5 




ns 


t su Setup time 


A, B, DIR., or OE before TCKt 






6.5 




ns 


TDI before TCKt 






2.5 




TMS before TCKt 






2.5 




t n Hold time 


A, B, DIR. or OE after TCKt 






1.5 




ns 


TDI after TCKt 






1.5 




TMS after TCKT 






1.5 




td Delay time 


Power up to TCKt 






50 




ns 


t r Rise time 


Vcc power up 






1 




US 



NOTE 4: Product preview specifications are design goals only and are subject to change without notice. 
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switching characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (normal mode) (see Note 4 and Figure 14) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


SN54LVTH1 82640 


SN74LVTH1 82640 


UNIT 


V C C = 3.3V 
±0.3V 


V C C = 2.7V 


V C C = 3.3 V 
±0.3V 


V C C = 2.7V 


MIN MAX 


MIN MAX 


MIN MAX 


MIN MAX 


tPLH 


AorB 


B or A 






1.5 6.5 




ns 


tPHL 






1.5 6.5 




tpZH 


OE 


BorA 






2 10 




ns 


tpZL 






2 10 




tPHZ 


OE 


B or A 






2.5 11.5 




ns 


tpLZ 






2.5 10.5 





NOTE 4: Product preview specifications are design goals only and are subject to change without notice. 



switching characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (test mode) (see Note 4 and Figure 14) 









SN54LVTH1 82640 


SN74LVTH1 82640 




PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V C C = 3.3V 
±0.3V 


V CC = 2.7 V 


V C C = 3.3V 
±0.3V 


V CC = 2.7V 


UNIT 








MIN MAX 


MIN MAX 


MIN 


MAX 


MIN MAX 




fmax 


TCKi 








50 




MHz 


tPLH 


Tcia 


AorB 






2.5 


15 




ns 


tPHL 






2.5 


15 




tPLH 


TCKi 


TDO 






1.5 


7 




ns 


tPHL 






1.5 


7 




tPZH 


TCKi 


AorB 






3 


18 




ns 


tpZL 






3 


18 




tPZH 


TCKi 


TDO 






1.5 


7 




ns 


tPZL 






1.5 


7 




tPHZ 


TCKi 


AorB 






3 


19 




ns 


tPLZ 






3 


19 




tPHZ 


TCKi 


TDO 






1.5 


8 




ns 


tPLZ 






1.5 


8 





NOTE 4: Product preview specifications are design goals only and are subject to change without notice. 
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From Output 
Under Test 



C L = 50 pF 
(see Note A) 
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PARAMETER MEASUREMENT INFORMATION 

_ 6V 



500 Q 

-AAA/— 



500 Q 



S1 



A f O Open 
? GND 



TEST 


S1 


tPLH'tPHL 
tPLZ'tPZL 
tPHZ'tPZH 


Open 
6V 
GND 



LOAD CIRCUIT 



Input 1.5 ^ 1 ' 5V 



VOLTAGE WAVEFORMS 
PULSE DURATION 



2.7 V 



OV 



Timing Input 



Data Input 



XE 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



2.7 V 
OV 



2.7 V 
OV 



Input 



Output 



Output 



tpLH-j* 



2.7 V 
0V 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output 
Control 



Output 
Waveform 1 
S1 at 6 V 
(see Note B) 

Output 
Waveform 2 
S1 at GND 
(see Note B) 



1PZL->| 



tPLZ -*j |*- 



\l.5V Y 



2.7 V 
OV 

3V 



tpZH -*l |4- 

I 



| tpHZ -*l f~ 



VQH-0.3V V ° H 



OV 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. C|_ includes probe and jig capacitance. 

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

C. All input pulses are supplied by generators having the following characteristics: PRR S 1 0 MHz, Zq = 50 £2, t r <, 2.5 ns, tf <, 2.5 ns. 

D. The outputs are measured one at a time with one transition per measurement. 



Figure 14. Load Circuit and Voltage Waveforms 
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SN54/74LVT Wtdebus™ With Puai-Sided Terminals 
SN54/74LVT Widebus™ With Quad-Sided Terminals 
Scan-Support Functions 
Mechanical Data 
Technical Information 
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SN54LVT1 8502 3.3-V ABT Scan Test Device 

With 18-Bit Universal Bus Transceivers 

'LVTH1 8502A 'LVTH1 82502A 3.3-V ABT Scan Test Devices 

With 1 8-Bit Universal Bus Transceivers 

•LVTH1 8504A 'LVTH1 82504A 3.3-V ABT Scan Test Devices 

With 20-Bit Universal Bus Transceivers 

'LVTH1 8646A 'LVTH1 82646A 3.3-V ABT Scan Test Devices 

With 1 8-Bit Transceivers and Registers 

'LVTH1 8652A 'LVTH1 82652A 3.3-V ABT Scan Test Devices 

With 1 8-Bit Transceivers and Registers 



SN54LVT18502 
3.3-VABT SCAN TEST DEVICE 
WITH 18-BIT UNIVERSAL BUS TRANSCEIVERS 



SCBS669 - JULY 1 996 



Member of the Texas Instruments SCOPE™ 
Family of Testability Products 
Member of the Texas Instruments 
WIdebus™ Family 

State-of-the-Art 3.3-V ABT Design Supports 
Mixed-Mode Signal Operation (5-V Input 
and Output Voltages With 3.3-V V C c) 
Supports Unregulated Battery Operation 
Down to 2.7 V 

UBT™ (Universal Bus Transceiver) 
Combines D-Type Latches and D-Type 
Flip-Flops for Operation in Transparent, 
Latched, or Clocked Mode 

Bus Hold on Data Inputs Eliminates the 
Need for External Pullup Resistors 



Compatible With the IEEE Standard 
1149.1-1990 (JTAG) Test Access Port and 
Boundary-Scan Architecture 

SCOPE™ Instruction Set 

- IEEE Standard 1149.1-1990 Required 
Instructions and Optional CLAMP and 
HIGHZ 

- Parallel-Signature Analysis at Inputs 

- Pseudo-Random Pattern Generation 
From Outputs 

- Sample Inputs/Toggle Outputs 

- Binary Count From Outputs 

- Device Identification 

- Even-Parity Opcodes 

Packaged in 68-Pin Ceramic Quad Flat (HV) 
Packages Using 25-mll Center-to-Center 
Spaclngs 



< 

Uj Q 

91 



CD 



HV PACKAGE 
(TOP VIEW) 

< 
CO 



o 



o 



< 

9S 



I— CM CO 
CD CD CO 



r-ii-ii— ir-ir-ii-ir-ii— imi-ini— mnnnr i 



1A3 
1A4 
1A5 
GND 
1A6 
1A7 
1A8 
1A9 
NC 

V C C 
2A1 
2A2 
2A3 
GND 
2A4 
2A5 
2A6 



C 10 
C 11 
[ 
[ 
[ 
C 
C 
C 
C 
[ 

[ 20 
C 21 
[ 22 
[ 23 
C 24 
[ 25 
[ 26 



9 8 7 6 5 4 3 2 1 68 67 66 65 64 63 62 61 



27 28 29 30 31 32 33 34 35 36 37 38 3 9 40 41 42 43 

uuuuuuuuuuuuuuuuu 

co m co p; o 
< < < P 

U-l LU 
("1 — I — I 

O 



] 1B4 
] 1B5 
] 1B6 
] GND 
] 1B7 
] 1B8 
] 1B9 

]v cc 

] NC 

]2B1 

]2B2 

]2B3 

]2B4 

] GND 

]2B5 

]2B6 

]2B7 



^ 5 3 □ 

< < < 2 

CD 



CM CM CM 



o * < < a 
z o o m m z 
> h * uj S 



CM O 
CM 



< CT> CO 

CD CO CO 

LU CM CM 

o 



CM 



NC - No internal connection 



SCOPE, Widebus, and UBT are trademarks of Texas Instruments Incorporated. 
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description 

The SN54LVT18502 scan test device with 18-bit universal bus transceivers is a member of the Texas 
Instruments SCOPE™ testability integrated-circuit family. This family of devices supports IEEE Standard 
1149.1-1990 boundary scan to facilitate testing of complex circuit-board assemblies. Scan access to the test 
circuitry is accomplished via the 4-wire test access port (TAP) interface. 

Additionally, this device is designed specifically for low-voltage (3.3-V) Vqc operation, but with the capability 
to provide a TTL interface to a 5-V system environment. 

In the normal mode, this device is an 1 8-bit universal bus transceiver that combines D-type latches and D-type 
flip-flops to allow data flow in transparent, latched, or clocked modes. It can be used either as two 9-bit 
transceivers or one 1 8-bit transceiver. The test circuitry can be activated by the TAP to take snapshot samples 
of the data appearing at the device pins or to perform a self test on the boundary-test cells. Activating the TAP 
in the normal mode does not affect the functional operation of the SCOPE™ universal bus transceivers. 

Data flow in each direction is controlled by output-enable (OEAB and OEBA), latch-enable (LEAB and LEBA), 
and clock (CLKAB and CLKBA) inputs. For A-to-B data flow, the device operates in the transparent mode when 
LEAB is high. When LEAB is low, the A-bus data is latched while CLKAB is held at a static low or high logic level. 
Otherwise, if LEAB is low, A-bus d ata is stored on a low-to-high transition of CLKAB. When OEAB is low, the 
B outputs are active. When OEAB is hi gh, the B outputs are in the high-impedance state. B-to-A data flow is 
similar to A-to-B data flow, but uses the OEBA, LEBA, and CLKBA inputs. 

In the test mode, the normal operation of the SCOPE™ universal bus transceivers is inhibited and the test 
circuitry is enabled to observe and control the I/O boundary of the device. When enabled, the test circuitry 
performs boundary-scan test operations according to the protocol described in IEEE Standard 1149.1-1990. 

Four dedicated test pins are used to observe and control the operation of the test circuitry: test data input (TDI), 
test data output (TDO), test mode select (TMS), and test clock (TCK). Additionally, the test circuitry performs 
other testing functions such as parallel-signature analysis (PSA) on data inputs and pseudo-random pattern 
generation (PRPG) from data outputs. All testing and scan operations are synchronized to the TAP interface. 

Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logic level. 

The SN54LVT1 8502 is characterized for operation over the full military temperature range of -55°C to 125°C. 



FUNCTION TABLET 
(normal mode, each register) 



INPUTS 


OUTPUT 


OEAB 


LEAB CLKAB 


A 


B 


L 


L L 


X 


Bfj* 


L 


L T 


L 


L 


L 


L T 


H 


H 


L 


H X 


L 


L 


L 


H X 


H 


H 


H 


X X 


X 


Z 



t A-to-B d ata flow is shown. B-to-A data flow is similar 

but uses OEBA, LEBA, and CLKBA. 
t Output level before the indicated steady-state input 

conditions were established 
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functional block diagram 



1LEAB 



1CLKAB 



10EAB 
1LEBA 



Vccj 

7 j 



66 



1CLKBA 



67 



10EBA 



vccj 

65 ; 



IFF 



1A1 



2LEAB 



2CLKAB 



32 



33 



20EAB 



vccj 

31 i 



2LEBA 



39 



2CLKBA 



38 



vcc 

20EBA 

r u 



2A1 



V 



TDI 



VqcJ 
34 \ 



TMS 



TCK 



vccj 

68 5 



37 



Boundary-Scan Register 



O 



.Jt; 



One of Nine Channels 



ci | — 1 

1D 



1D 



fE> 

o 



O 



Jl 



ci| — ' 

1D 



1 — J C1 
1D 



cit- 1 

1D 



One of Nine Channels 



Bypass Register 



Boundary-Control 
Register 



7*1 



63 



1B1 



{}-<- 



51 



2B1 



Identification 
Register 



Instruction 
Register 



=0 



TAP 
Controller 



TDO 
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Terminal Functions 


TERMINAL NAME 


DESCRIPTION 


1A1-1A9, 
2A1-2A9 


Normal-function A-bus I/O ports. See function table for normal-mode logic. 


1B1-1B9, 
2B1-2B9 


Normal-function B-bus I/O ports. See function table for normal-mode logic. 


1CLKAB, 1 CLKBA, 
?Cl KAR ?CLKBA 


Normal-function clock inputs. See function table for normal-mode logic. 


GND 


Ground 


1LEAB, 1LEBA, 
2LEAB, 2LEBA 


Normal-function latch enables. See function table for normal-mode logic. 


10EAB, 10EBA, 
20EAB, 20EBA 


Normal-function output enables. See function table for normal-mode logic. An internal pullup at each terminal forces the 
terminal to a high level if left unconnected. 


TCK 


Test clock. One of four terminals required by IEEE Standard 1 1 49.1 -1 990. Test operations of the device are synchronous 
to TCK. Data is captured on the rising edge of TCK and outputs change on the falling edge of TCK. 


TDI 


Test data input. One of four terminals required by IEEE Standard 1149.1-1990. TDI is the serial input for shifting data 
through the instruction register or selected data register. An internal pullup forces TDI to a high level if left unconnected. 


TDO 


Test data output. One of four terminals required by I EEE Standard 1 1 49.1 -1 990. TDO is the serial output for shifting data 
through the instruction register or selected data register. 


TMS 


Test mode select. One of four terminals required by IEEE Standard 1 1 49. 1 -1 990. TMS directs the device through its TAP 
controller states. An internal pullup forces TMS to a high level if left unconnected. 


vcc 


Supply voltage 
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test architecture 

Serial-test information is conveyed by means of a 4-wire test bus or TAP that conforms to IEEE Standard 
1149.1-1990. Test instructions, test data, and test control signals all are passed along this serial-test bus. The 
TAP controller monitors two signals from the test bus, TCK and TMS. The TAP controller extracts the 
synchronization (TCK) and state control (TMS) signals from the test bus and generates the appropriate on-chip 
control signals for the test structures in the device. Figure 1 shows the TAP-controller state diagram. 

The TAP controller is fully synchronous to the TCK signal. Input data is captured on the rising edge of TCK and 
output data changes on the falling edge of TCK. This scheme ensures that data to be captured is valid for fully 
one-half of the TCK cycle. 

The functional block diagram shows the IEEE Standard 1149.1-1990 4-wire test bus and boundary-scan 
architecture and the relationship among the test bus, the TAP controller, and the test registers. The device 
contains an 8-bit instruction register and four test-data registers: a 48-bit boundary-scan register, a 3-bit 
boundary-control register, a 1-bit bypass register, and a 32-bit device identification register. 



TMS = H 



TMS = L 




Test-Logic-Reset V< 



> 



TMS = L 



Run-Test/ldle 



>TMS = H /• 



Select-DR-Scan 



> 



TMS = H 



< 



Select-IR-Scan 



> 



TMS = H 



TMS = L 



Capture-DR 




TMS = H TMS = H 



TMS = L 



Shlft-DR 



> 



TMS = H 
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TMS = H 



ExitMR 



< 



TMS = L 



Pause-IR 



TMS = L 



< 



TMS = H 




Exlt2-IR 



TMS = H 



Update-DR 



-TMS = H 
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Figure 1. TAP-Controller State Diagram 
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state diagram description 

The TAP controller is a synchronous finite state machine that provides test-control signals throughout the 
device. The state diagram shown in Figure 1 is in accordance with IEEE Standard 1149.1-1990. The TAP 
controller proceeds through its states based on the level of TMS at the rising edge of TCK. 

As shown, the TAP controller consists of 1 6 states. There are six stable states (indicated by a looping arrow in 
the state diagram) and ten unstable states. A stable state is a state the TAP controller can retain for consecutive 
TCK cycles. Any state that does not meet this criterion is an unstable state. 

There are two main paths through the state diagram: one to access and control the selected data register and 
one to access and control the instruction register. Only one register can be accessed at a time. 

Test-Logic-Reset 

The device powers up in the Test-Logic-Reset state. In the stable Test-Logic-Reset state, the test logic is reset 
and is disabled so that the normal logic function of the device is performed. The instruction register is reset to 
an opcode that selects the optional IDCODE instruction, if supported, or the BYPASS instruction. Certain data 
registers can also be reset to their power-up values. 

The state machine is constructed such that the TAP controller returns to the Test-Logic-Reset state in no more 
than five TCK cycles if TMS is left high. TMS has an internal pullup resistor that forces it high if left unconnected 
or if a board defect causes it to be open circuited. 

For the SN54LVT18502, the instruction register is reset to the binary value 10000001, which selects the 
IDCODE instruction. Bits 47-44 in the boundary-scan register are reset to logic 1 , ensuring that these cells that 
control A-port and B-port outputs, are set to benign values (i.e., if test mode were invoked the outputs would 
be at the high-impedance state). Reset value of other bits in the boundary-scan register should be considered 
indeterminate. The boundary-control register is reset to the binary value 010, which selects the PSA 
test operation. 

Run-Test/ldle 

The TAP controller must pass through the Run-Test/ldle state (from Test-Logic-Reset) before executing any test 
operations. The Run-Test/ldle state also can be entered following data-register or instruction-register scans. 
Run-Test/ldle is a stable state in which the test logic can be actively running a test or can be idle. The test 
operations selected by the boundary-control register are performed while the TAP controller is in the 
Run-Test/ldle state. 

Select-DR-Scan, Select-IR-Scan 

No specific function is performed in the Select-DR-Scan and Select-IR-Scan states, and the TAP controller exits 
either of these states on the next TCK cycle. These states allow the selection of either data-register scan or 
instruction-register scan. 

Capture-DR 

When a data-register scan is selected, the TAP controller must pass through the Capture-DR state. In the 
Capture-DR state, the selected data register can capture a data value as specified by the current instruction. 
Such capture operations occur on the rising edge of TCK, upon which the TAP controller exits the 
Capture-DR state. 
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Shift-DR 

Upon entry to the Shift-DR state, the data register is placed in the scan path between TDI and TDO. On the first 
falling edge of TCK, TDO goes from the high-impedance state to an active state. TDO enables to the logic level 
present in the least-significant bit of the selected data register. 

While in the stable Shift-DR state, data is serially shifted through the selected data register on each TCK cycle. 
The first shift occurs on the first rising edge of TCK after entry to the Shift-DR state (i.e., no shifting occurs during 
the TCK cycle in which the TAP controller changes from Capture-DR to Shift-DR or from Exit2-DR to Shift-DR). 
The last shift occurs on the rising edge of TCK, upon which the TAP controller exits the Shift-DR state. 

Exit1-DR, Exit2-DR 

The Exit1-DR and Exit2-DR states are temporary states that end a data-register scan. It is possible to return 
to the Shift-DR state from either Exit1-DR or Exit2-DR without recapturing the data register. On the first falling 
edge of TCK after entry to Exit1-DR, TDO goes from the active state to the high-impedance state. 

Pause-DR 

No specific function is performed in the stable Pause-DR state, in which the TAP controller can remain 
indefinitely. The Pause-DR state suspends and resumes data-register scan operations without loss of data. 

Update-DR 

If the current instruction calls for the selected data register to be updated with current data, such update occurs 
on the falling edge of TCK, following entry to the Update-DR state. 

Capture-IR 

When an instruction-register scan is selected, the TAP controller must pass through the Capture-IR state. In 
the Capture-IR state, the instruction register captures its current status value. This capture operation occurs 
on the rising edge of TCK, upon which the TAP controller exits the Capture-IR state. For the SN54LVT18502, 
the status value loaded in the Capture-IR state is the fixed binary value 10000001. 

Shift-IR 

Upon entry to the Shift-IR state, the instruction register is placed in the scan path between TDI and TDO. On 
the first falling edge of TCK, TDO goes from the high-impedance state to the active state. TDO enables to the 
logic level present in the least-significant bit of the instruction register. 

While in the stable Shift-IR state, instruction data is serially shifted through the instruction register on each TCK 
cycle. The first shift occurs on the first rising edge of TCK after entry to the Shift-IR state (i.e., no shifting occurs 
during the TCK cycle in which the TAP controller changes from Capture-IR to Shift-IR or from Exit2-IR to 
Shift-IR). The last shift occurs on the rising edge of TCK, upon which the TAP controller exits the Shift-IR state. 

ExitMR, Exit2-IR 

The Exit1-IR and Exit2-IR states are temporary states that end an instruction-register scan. It is possible to 
return to the Shift-IR state from either Exit1-IR or Exit2-IR without recapturing the instruction register. On the 
first falling edge of TCK after entry to Exit1-IR, TDO goes from the active state to the high-impedance state. 

Pause-IR 

No specific function is performed in the stable Pause-IR state, in which the TAP controller can remain 
indefinitely. The Pause-IR state suspends and resumes instruction-register scan operations without loss 
of data. 

Update-IR 

The current instruction is updated and takes effect on the falling edge of TCK, following entry to the 
Update-IR state. 
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register overview 

With the exception of the bypass and device-identification registers, any test register can be thought of as a 
serial shift register with a shadow latch on each bit. The bypass and device-identification registers differ in that 
they contain only a shift register. During the appropriate capture state (Capture-IR for instruction register, 
Capture-DR for data registers), the shift register can be parallel loaded from a source specified by the current 
instruction. During the appropriate shift state (Shift-IR or Shift-DR), the contents of the shift register are shifted 
out from TDO while new contents are shifted in at TDI. During the appropriate update state (Update-IR or 
Update-DR), the shadow latches are updated from the shift register. 

instruction register description 

The instruction register (IR) is eight bits long and tells the device what instruction is to be executed. Information 
contained in the instruction includes the mode of operation (either normal mode, in which the device performs 
its normal logic function, ortest mode, in which the normal logicfunction is inhibited or altered), the test operation 
to be performed, which of the four data registers is to be selected for inclusion in the scan path during 
data-register scans, and the source of data to be captured into the selected data register during Capture-DR. 

Table 3 lists the instructions supported by the SN54LVT1 8502. The even-parity feature specified for SCOPE™ 
devices is supported in this device. Bit 7 of the instruction opcode is the parity bit. Any instructions that are 
defined for SCOPE™ devices but are not supported by this device default to BYPASS. 

During Capture-IR, the IR captures the binary value 1 0000001 . As an instruction is shifted in, this value is shifted 
out via TDO and can be inspected as verification that the I R is in the scan path. During Update-IR, the value 
that has been shifted into the IR is loaded into shadow latches. At this time, the current instruction is updated 
and any specified mode change takes effect. At power up or in the Test-Logic-Reset state, the IR is reset to the 
binary value 10000001 , which selects the IDCODE instruction. The IR order of scan is shown in Figure 2. 





Bit 7 






























TDI — ► 


Parity 
(MSB) 


— ► 


Bit 6 


— ► 


Bit 5 


— *> 


Bit 4 


— ► 


Bit 3 


— ► 


Bit 2 


—¥ 


Bit 1 


— ► 


BItO 
(LSB) 



Figure 2. Instruction Register Order of Scan 
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data register description 
boundary-scan register 

The boundary-scan register (BSR) is 48 bits long. It contains one boundary-scan cell (BSC) for each 
normal-function input pin and one BSC for each normal-function I/O pin (one single cell for both input data and 
output data). The BSR is used 1) to store test data that is to be applied externally to the device output pins, 
and/or 2) to capture data that appears internally at the outputs of the normal on-chip logic and/or externally at 
the device input pins. 

The source of data to be captured into the BSR during Capture-DR is determined by the current instruction. The 
contents of the BSR can change during Run-Test/Idle, as determined by the current instruction. At power up 
or in Test-Logic-Reset, BSCs 47-44 are reset to logic 1, ensuring that these cells, which control A-port and 
B-port outputs, are set to benign values (i.e., if test mode were invoked, the outputs would be at the 
high-impedance state). Reset values of other BSCs should be considered indeterminate. 

The BSR order of scan is from TDI through bits 47-0 to TDO. Table 1 shows the BSR bits and their associated 
device pin signals. 



Table 1. Boundary-Scan Register Configuration 



BSR BIT 
NUMBER 


DEVICE 
SIGNAL 


BSR BIT 
NUMBER 


DEVICE 
SIGNAL 


BSR BIT 
NUMBER 


DEVICE 
SIGNAL 


47 


20EAB 


35 


2A9-I/0 


17 


2B9-I/0 


46 


10EAB 


34 


2A8-I/0 


16 


2B8-I/0 


45 


20EBA 


33 


2A7-I/0 


15 


2B7-I/0 


44 


10EBA 


32 


2A6-I/0 


14 


2B6-I/0 


43 


2CLKAB 


31 


2A5-I/0 


13 


2B5-I/0 


42 


1CLKAB 


30 


2A4-I/0 


12 


2B4-I/0 


41 


2CLKBA 


29 


2A3-I/0 


11 


2B3-I/0 


40 


1CLKBA 


28 


2A2-I/0 


10 


2B2-I/0 


39 


2LEAB 


27 


2A1-I/0 


9 


2B1-I/0 


38 


1LEAB 


26 


1A9-I/0 


8 


1B9-I/0 


37 


2LEBA 


25 


1A8-I/0 


7 


1B8-I/0 


36 


1LEBA 


24 


1A7-I/0 


6 


1B7-I/0 






23 


1A6-I/0 


5 


1B6-I/0 






22 


1A5-I/0 


4 


1B5-I/0 






21 


1A4-I/0 


3 


1B4-I/0 






20 


1A3-I/0 


2 


1B3-I/0 






19 


1A2-I/0 


1 


1B2-I/0 






18 


1A1-I/0 


0 


1B1-I/0 
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boundary-control register 

The boundary-control register (BCR) is three bits long. The BCR is used in the context of the boundary-run test 
(RUNT) instruction to implement additional test operations not included in the basic SCOPE™ instruction set. 
Such operations include PRPG, PSA, and binary count up (COUNT). Table 4 shows the test operations that 
are decoded by the BCR. 

During Capture-DR, the contents of the BCR are not changed. At power up or in Test-Logic-Reset, the BCR is 
reset to the binary value 01 0, which selects the PSA test operation. The BCR order of scan is shown in Figure 3. 



TDI ► 



Bit 2 




Bit 1 




BItO 


(MSB) 


► 


► 


(LSB) 



Figure 3. Boundary-Control Register Order of Scan 

bypass register 

The bypass register is a 1-bit scan path that can be selected to shorten the length of the system scan path, 
reducing the number of bits per test pattern that must be applied to complete a test operation. During 
Capture-DR, the bypass register captures a logic 0. The bypass register order of scan is shown in Figure 4. 





BItO 




► 


► 



Figure 4. Bypass Register Order of Scan 
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device-identification register 

The device-identification register (IDR) is 32 bits long, it can be selected and read to identify the manufacturer, 
part number, and version of this device. 

FortheSN54LVT1 8502, the binary value 0001 00000000000111 000000001 011 11 (1001C02F, hex) is captured 
(during Capture-DR state) in the IDR to identify this device as Texas Instruments SN54LVT1 8502. 

The IDR order of scan is from TDI through bits 31-0 to TDO. Table 2 shows the IDR bits and their significance. 



Table 2. Device-Identification Register Configuration 



IDR BIT 
NUMBER 


IDENTIFICATION 
SIGNIFICANCE 


IDR BIT 
NUMBER 


IDENTIFICATION 
SIGNIFICANCE 


IDR BIT 
NUMBER 


IDENTIFICATION 
SIGNIFICANCE 


31 


VERSION3 


27 


PARTNUMBER15 


11 


MANUFACTURER^ 


30 


VERSION2 


26 


PARTNUMBER14 


10 


MANUFACTURER09T 


29 


VERSION1 


25 


PARTNUMBER13 


9 


MANUFACTURER08T 


28 


VERSION0 


24 


PARTNUMBER12 


8 


MANUFACTURER07t 






23 


PARTNUMBER11 


7 


MANUFACTURER06T 






22 


PARTNUMBER10 


6 


MANUFACTURER05T 






21 


PARTNUMBER09 


5 


MANUFACTURER04T 






20 


PARTNUMBER08 


4 


MANUFACTURER031" 






19 


PARTNUMBER07 


3 


MANUFACTURER02T 






18 


PARTNUMBER06 


2 


MANUFACTURERS t 






17 


PARTNUMBER05 


1 


MANUFACTURER00T 






16 


PARTNUMBER04 


0 


LOGIC1T 






15 


PARTNUMBER03 










14 


PARTNUMBER02 










13 


PARTNUMBER01 










12 


PARTNUMBER00 







TNote that for Tl products, bits 11-0 of the device-identification register always contain the binary value 000000101111 



(02F, hex). 
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instruction-register opcode description 

The instruction-register opcodes are shown in Table 3. The following descriptions detail the operation of 
each instruction. 



Table 3. Instruction-Register Opcodes 



BINARY CODEt 
BIT 7 — » BIT 0 
MSB -> LSB 


SCOPE OPCODE 


UcoCHIPI ION 


SELECTED DATA 
REGISTER 


none 


00000000 


EXTEST 


Boundary scan 


Boundary scan 


Test 


10000001 


IDCODE 


Identification read 


Device identification 


Normal 


10000010 


SAMPLE/PRELOAD 


Sample boundary 


Boundary scan 


Normal 


00000011 


BYPASS* 


Bypass scan 


Bypass 


Normal 


10000100 


BYPASS- 


Bypass scan 


Bypass 


Normal 


00000101 


BYPASS* 


Bypass scan 


Bypass 


Normal 


00000110 


HIGHZ 


Control boundary to high impedance 


Bypass 


Modified test 


10000111 


CLAMP 


Control boundary to 1/0 


Bypass 


Test 


10001000 


BYPASS* 


Bypass scan 


Bypass 


Normal 


00001001 


RUNT 


Boundary-run test 


Bypass 


Test 


00001010 


READBN 


Boundary read 


Boundary scan 


Normal 


10001011 


READBT 


Boundary read 


Boundary scan 


Test 


00001100 


CELLTST 


Boundary self test 


Boundary scan 


Normal 


10001101 


TOPHIP 


Boundary toggle outputs 


Bypass 


Test 


10001110 


SCANCN 


Boundary-control register scan 


Boundary control 


Normal 


00001111 


SCANCT 


Boundary-control register scan 


Boundary control 


Test 


All others 


BYPASS 


Bypass scan 


Bypass 


Normal 



t Bit 7 is used to maintain even parity in the 8-bit instruction. 

*The BYPASS instruction is executed in lieu of a SCOPE™ instruction that is not supported in the SN54LVT18502 



boundary scan 

This instruction conforms to the IEEE Standard 1149.1-1990 EXTEST instruction. The BSR is selected in the 
scan path. Data appearing at the device input and I/O pins is captured in the associated BSCs. Data that has 
been scanned into the I/O BSCs for pins in the output mode is applied to the device I/O pins. Data present at 
the device pins, except for output enables, is passed through the BSCs to the normal on-chip logic. For I/O pins, 
the operation of a pin as input or output is determined by the contents of the output-enable BSCs (bits 47-44 
of the BSR). When a given output enable is active (logic 0), the associated I/O pins operate in the output mode. 
Otherwise, the I/O pins operate in the input mode. The device operates in the test mode. 

identification read 

This instruction conforms to the IEEE Standard 1149.1-1990 IDCODE instruction. The IDR is selected in the 
scan path. The device operates in the normal mode. 

sample boundary 

This instruction conforms to the IEEE Standard 1149.1-1990 SAMPLE/PRELOAD instruction. The BSR is 
selected in the scan path. Data appearing at the device input pins and I/O pins in the input mode is captured 
in the associated BSCs, while data appearing at the outputs of the normal on-chip logic is captured in the BSCs 
associated with I/O pins in the output mode. The device operates in the normal mode. 
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bypass scan 

This instruction conforms to the IEEE Standard 1149.1-1990 BYPASS instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. The device 
operates in the normal mode. 

control boundary to high impedance 

This instruction conforms to the IEEE Standard 11 49.1 a-1 993 HIGHZ instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. The device 
operates in a modified test mode in which all device I/O pins are placed in the high-impedance state, the device 
input pins remain operational, and the normal on-chip logic function is performed. 

control boundary to 1/0 

This instruction conforms to the IEEE Standard 11 49.1 a-1 993 CLAMP instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. Data in the I/O 
BSCs for pins in the output mode is applied to the device I/O pins. The device operates in the test mode. 

boundary-run test 

The bypass register is selected in the scan path. A logic 0 value is captured in the bypass register during 
Capture-DR. The device operates in the test mode. The test operation specified in the BCR is executed during 
Run-Test/Idle. The five test operations decoded by the BCR are: sample inputs/toggle outputs (TOPSIP), 
PRPG, PSA, simultaneous PSA and PRPG (PSA/PRPG), and simultaneous PSA and binary count up 
(PSA/COUNT). 

boundary read 

The BSR is selected in the scan path. The value in the BSR remains unchanged during Capture-DR. This 
instruction is useful for inspecting data after a PSA operation. 

boundary self test 

The BSR is selected in the scan path. All BSCs capture the inverse of their current values during Capture-DR. 
In this way, the contents of the shadow latches can be read out to verify the integrity of both shift-register and 
shadow-latch elements of the BSR. The device operates in the normal mode. 

boundary toggle outputs 

The bypass register is selected in the scan path. A logic 0 value is captured in the bypass register during 
Capture-DR. Data in the shift-register elements of the selected output-mode BSCs is toggled on each rising 
edge of TCK in Run-Test/Idle and is then updated in the shadow latches and thereby applied to the associated 
device I/O pins on each falling edge of TCK in Run-Test/Idle. Data in the input-mode BSCs remains constant. 
Data appearing at the device input or I/O pins is not captured in the input-mode BSCs. The device operates in 
the test mode. 

boundary-control-register scan 

The BCR is selected in the scan path. The value in the BCR remains unchanged during Capture-DR. This 
operation must be performed before a boundary-run test operation to specify which test operation is to 
be executed. 
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boundary-control-register opcode description 

The BCR opcodes are decoded from BCR bits 2-0, as shown in Table 4. The selected test operation is 
performed while the RUNT instruction is executed in the Run-Test/Idle state. The following descriptions detail 
the operation of each BCR instruction and illustrate the associated PSA and PRPG algorithms. 



Table 4. Boundary-Control Register Opcodes 



BINARY CODE 
BIT 2 -> BIT 0 
MSB -> LSB 


DESCRIPTION 


XOO 


Sample inputs/toggle outputs (TOPSIP) 


X01 


Pseudo-random pattern generation/36-bit mode (PRPG) 


X10 


Parallel-signature analysis/36-bit mode (PSA) 


011 


Simultaneous PSA and PRPG/1 8-bit mode (PSA/PRPG) 


111 


Simultaneous PSA and binary count up/1 8-bit mode (PSA/COUNT) 



While the control input BSCs (bits 47-36) are not included in the toggle, PSA, PRPG, or COUNT algorithms, 
the output-enable BSCs (bits 47-44 of the BSR) control the drive state (active or high impedance) of the selected 
device output pins. These BCR in str uctions are o nly vali d w hen bo th bytes of the device are operating in one 
d irection of dataflo w (i. e., 10E AB * 1QE BA and 20EAB * 20EBA) and in the same direction of data flow (i.e., 
1 0EAB = 20EAB and 1 0EBA = 20EBA). Otherwise, the bypass instruction is operated. 

sample inputs/toggle outputs (TOPSIP) 

Data appearing at the selected device input-mode I/O pins is captured in the shift-register elements of the 
associated BSCs on each rising edge of TCK. Data in the shift-register elements of the selected output-mode 
BSCs is toggled on each rising edge of TCK, updated in the shadow latches, and applied to the associated 
device I/O pins on each falling edge of TCK. 
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pseudo-random pattern generation (PRPG) 

A pseudo-random pattern is generated in the shift-register elements of the selected BSCs on each rising edge 
of TCK, updated in the shadow latches, and applied to the associated device output-mode I/O pins on each 
falling edge of TCK. Figures 5 and 6 show the 36-bit linear-feedback shift-register algorithms through which the 
patterns are generated. An initial seed value should be scanned into the BSR before performing this operation. 
A seed value of all zeroes does not produce additional patterns. 

2A9-I/0 2A8-I/0 2A7-I/0 2A6-I/0 2A5-1/0 2A4-I/0 2A3-I/0 2A2-I/0 2A1-I/0 



1A9-I/0 1A8-I/0 1A7-I/0 1A6-I/0 1A5-I/0 1A4-I/0 1A3-I/0 1A2-I/0 1A1-I/0 



9-> 



2B9-I/0 2B8-I/0 2B7-I/0 2B6-I/0 2B5-I/0 2B4-I/0 2B3-I/0 2B2-I/0 2B 1-1/0 



B9-I/0 1B8-I/0 1B7-I/0 1B6-I/0 1B5-I/0 1B4-I/0 1B3-I/0 1B2-I/0 1B1-I/0 



Figure 5. 36-Bit PRPG Configuration (10EAB = 20EAB = 0, 10EBA = 20EBA = 1) 
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2B9-I/0 2B8-I/0 2B7-I/0 2B6-I/0 2B5-I/0 2B4-I/0 2B3-I/0 2B2-I/0 2B1-I/0 



1B9-I/0 1B8-I/0 1B7-I/0 1B6-I/0 1B5-I/0 1B4-I/0 1B3-I/0 1B2-I/0 1B1-I/0 



0* 



2A9-I/0 2A8-I/0 2A7-I/0 2A6-I/0 2A5-I/0 2A4-I/0 2A3-I/0 2A2-I/0 2A1-I/0 
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Figure 6. 36-Bit PRPG Configuration (10EAB = 20EAB = 1, 10EBA = 20EBA = 0) 
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parallel-signature analysis (PSA) 

Data appearing at the selected device input-mode I/O pins is compressed into a 36-bit parallel signature in the 
shift-register elements of the selected BSCs on each rising edge of TCK. Data in the shadow latches of the 
selected output-mode BSCs remains constant and is applied to the associated device I/O pins. Figures 7 and 8 
show the 36-bit linear-feedback shift-register algorithms through which the signature is generated. An initial 
seed value should be scanned into the BSR before performing this operation. 
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Figure 7. 36-Bit PSA Configuration (10EAB = 20EAB = 0, 10EBA = 20EBA = 1) 
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Figure 8. 36-Bit PSA Configuration (10EAB = 20EAB = 1, 10EBA = 20EBA = 0) 
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simultaneous PSA and PRPG (PSA/PRPG) 

Data appearing at the selected device input-mode I/O pins is compressed into an 18-bit parallel signature in 
the shift-register elements of the selected input-mode BSCs on each rising edge of TCK. At the same time, an 
1 8-bit pseudo-random pattern is generated in the shift-register elements of the selected output-mode BSCs on 
each rising edge of TCK, updated in the shadow latches, and applied to the associated device I/O pins on each 
falling edge of TCK. Figures 9 and 10 show the 18-bit linear-feedback shift-register algorithms through which 
the signature and patterns are generated. An initial seed value should be scanned into the BSR before 
performing this operation. A seed value of all zeroes does not produce additional patterns. 
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Figure 9. 18-Bit PSA/PRPG Configuration (10EAB = 20EAB = 0, 10EBA = 20EBA = 1) 
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Figure 10. 18-Bit PSA/PRPG Configuration (10EAB = 20EAB = 1, 10EBA = 20EBA = 0) 
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simultaneous PSA and binary count up (PSA/COUNT) 

Data appearing at the selected device input-mode I/O pins is compressed into an 1 8-bit parallel signature in 
the shift-register elements of the selected input-mode BSCs on each rising edge of TCK. At the same time, an 
1 8-bit binary count-up pattern is generated in the shift-register elements of the selected output-mode BSCs on 
each rising edge of TCK, updated in the shadow latches, and applied to the associated device I/O pins on each 
falling edge of TCK. Figures 11 and 12 show the 18-bit linear-feedback shift-register algorithms through which 
the signature is generated. An initial seed value should be scanned into the BSR before performing this 
operation. 
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Figure 11. 18-Bit PSA/COUNT Configuration (10EAB = 20EAB = 0, 10EBA = 20EBA = 1) 
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Figure 12. 18-Bit PSA/COUNT Configuration (10EAB = 20EAB = 1, 10EBA = 20EBA = 0) 



^ Texas 
Instruments 

7-24 POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 



SN54LVT18502 
3.3-VABT SCAN TEST DEVICE 
WITH 18-BIT UNIVERSAL BUS TRANSCEIVERS 

SCBS669- JULY 1996 



timing description 

All test operations of the SN54LVT1 8502 and are synchronous to the TCK signal. Data on the TDI, TMS, and 
normal-function inputs is captured on the rising edge of TCK. Data appears on the TDO and normal-function 
output pins on the falling edge of TCK. The TAP controller is advanced through its states (as shown in Figure 1 ) 
by changing the value of TMS on the falling edge of TCK and then applying a rising edge to TCK. 

A simple timing example is shown in Figure 13. In this example, the TAP controller begins in the 
Test-Logic-Reset state and is advanced through its states, to perform one instruction-register scan and one 
data-register scan. While in the Shift-IR and Shift-DR states, TDI is used to input serial data, and TDO is used 
to output serial data. The TAP controller is then returned to the Test-Logic-Reset state. Table 5 details the 
operation of the test circuitry during each TCK cycle. 



Table 5. Explanation of Timing Example 



TCK 
CYCLE(S) 


TAP STATE 
AFTER TCK 


DESCRIPTION 


■j 


I'D 

1 GSt'LOQ 1 C - H 6S 6t 


TMS is changed to a logic 0 value on the falling edge of TCK to begin advancing the TAP controller toward 
the desired state. 


2 


Run-Test/Idle 




3 


Select-DR-Scan 




4 


Select-IR-Scan 




5 


Capture-IR 


The IR captures the 8-bit binary value 10000001 on the rising edge of TCK as the TAP controller exits the 
Capture-IR state. 


6 


Shift-IR 


TDO becomes active and TDI is made valid on the falling edge of TCK. The first bit is shifted into the TAP 
on the rising edge of TCK as the TAP controller advances to the next state. 


7-13 


Shift-IR 


One bit is shifted into the IR on each TCK rising edge. With TDI held at a logic 1 value, the 8-bit binary value 
11111111 isserially scanned intothelR.Atthesametime, the 8-bitbinary value 10000001 is serially scanned 
out of the IR via TDO. In TCK cycle 13, TMS is changed to a logic 1 value to end the IR scan on the next 
TCK cycle. The last bit of the instruction is shifted as the TAP controller advances from Shift-IR to Exit1-IR. 


14 


ExitMR 


TDO becomes inactive (goes to the high-impedance state) on the falling edge of TCK. 


15 


Update-IR 


The IR is updated with the new instruction (BYPASS) on the falling edge of TCK. 


16 


Select-DR-Scan 




17 


Capture-DR 


The bypass register captures a logic 0 value on the rising edge of TCK as the TAP controller exits the 
Capture-DR state. 


18 


Shift-DR 


TDO becomes active and TDI is made valid on the falling edge of TCK. The first bit is shifted into the TAP 
on the rising edge of TCK as the TAP controller advances to the next state. 


19-20 


Shift-DR 


The binary value 101 is shifted in via TDI, while the binary value 010 is shifted out via TDO. 


21 


Exit1-DR 


TDO becomes inactive (goes to the high-impedance state) on the falling edge of TCK. 


22 


Update-DR 


The selected data register is updated with the new data on the falling edge of TCK. 


23 


Select-DR-Scan 




24 


Select-IR-Scan 




25 


Test-Logic-Reset 


Test operation completed 
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TAP 
Controller 
State 



<8 



?S 3 State (TDO) or Don't Care (TDI) 
Figure 13. Timing Example 
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n 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, Vcc -°- 5 v t0 4 - 6 v 

Input voltage range, V| (see Note 1 ) -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq (see Note 1 ) — -0.5 V to 7 V 

Current into any output in the low state, lo 96 mA 

Current into any output in the high state, lo (see Note 2) 48 mA 

Input clamp current, l|« (V| < 0) -50 mA 

Output clamp current, Iqk (Vrj < 0) -50 mA 

Storage temperature range, T stg -65°C to 1 50°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1 . The input and output negative-voltage ratings can be exceeded if the input and output clamp-current ratings are observed. 
2. This current only flows when the output is in the high state and Vq > Vcc- 



recommended operating conditions 





MIN 


MAX 


UNIT 


vcc 


Supply voltage 




2.7 


3.6 


V 


V|H 


High-level input voltage 




2 


V 


V|L 


Low-level input voltage 




0.8 


V 


V| 


Input voltage 




5.5 


V 


'OH 


High-level output current 




-24 


mA 


lOL 


Low-level output current 




24 


mA 


lOL* 


Low-level output current 




48 


mA 


At/Av 


Input transition rise or fall rate 


Outputs enabled 


10 


ns/V 


TA 


Operating free-air temperature 




-55 


125 


°C 



t Current duty cycle < 50%, f > 1 kHz 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


V IK 


Vcc = 2.7 V, l| = -18mA 


-1 .2 


v 


VOH 


Vcc = MIN to MAX*, loH=-100(iA. 




V 


V C C = 2.7 V. l 0 H = -3rriA 


2.4 


V C C = 3V 


lOH = -8 rnA 


2.4 


Iqh = -24 mA 


2 


vol 


V C C - 2.7 V 


IOL= 100 ^A 


0.2 


V 


lOL = 24 mA 


0.5 


V C C = 3V 


iOL= 16 mA 


0.4 


lOL = 32 mA 


0.5 


lOL = 4 8 mA 


0.55 


ii 


CLK, LE, TCK 


Vcc - 3.6 V, V| = Vcc or GND 


±1 


HA 


Vcc = 0 or MAX*, V| = 5.5 V 


10 


OE, TDI, TMS 


V C C = 3.6 V 


V| = 5.5 V 


50 


V| - Vcc 


1 


V| =0 


-25 -100 


A or B ports§ 


V C C = 3.6 V 


V| = 5.5 V 


20 


V| = V CC 


1 


V| = 0 


-5 


'l(hold) 11 


A or B ports 


V C C = 3 V 


V| = 0.8 V 


75 500 


HA 


V| = 2V 


—75 —500 


'OZH 


TDO 


Vcc = 3.6 V, V 0 = 3 V 


50 


\lA 


>OZL 


TDO 


V C C = 3.6 V, Vo = 0.5 V 


—50 


\iA 


>OZPU 


TDO 


Vcc = 0 to 1.5 V, Vo = 0.5Vor3V 


±50 


n A 


lOZPD 


TDO 


Vcc = 1-5V toO, Vo = 0.5Vor3V 


+50 


HA 


'cc 


Vcc = 3.6 V, 

io = o, 

V| = Vcc or GND 


Outputs high 


0.7 3 


mA 


Outputs low 


21 30 


Outputs disabled 


0.7 3 


AICC # 


Vcc = 3 V to 3.6 V, One input at Vcc - 0-6 V, 
Other inputs at Vcc or GND 


0.2 


mA 


Cj 


V| = 3 V or 0 


4 


PF 


Cj 0 


Vq = 3 V or 0 


11 


PF 


Co 


Vq = 3 V or 0 


8 


PF 



t All typical values are at Vcc = 3.3 V, T^ = 25°C. 

t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
§ Unused pins at Vcc ° r GND 

H The parameter 1 1 (hold) includes the off-state output leakage current. 

#This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 
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timing requirements over recommended operating free-air temperature range (unless otherwise 
noted) (normal mode) (see Figure 14) 





±0.3V 


V C C = 2.7 V 


UNIT 


MIN MAX 


MIN MAX 


'clock Clock frequency 


CLKAB or CLKBA 


0 90 


0 80 


MHz 


t w Pulse duration 


CLKAB or CLKBA high or low 


6.5 


6.7 


ns 


LEAB or LEBA high 


2.4 


2.4 


t su Setup time 


A before CLKAB? or B before CLKBAt 


3.6 


4 


ns 


A before LEABJ. or B before LEBAi 


CLK high 


1.2 


0.6 


CLK low 


1.4 


1.5 


t n Hold time 


A after CLKABT or B after CLKBAT 


1.2 


0.8 


ns 


A after LEABl or B after LEBAi 


4.9 


5.4 


timing requirements over recommended operating free-air temperature range (unless otherwise 
noted) (test mode) (see Figure 14) 




V CC = 3.3V 
±0.3V 


V C C = 2.7 V 


UNIT 


MIN MAX 


MIN MAX 


'clock Clock frequency 


TCK 


0 50 


0 40 


MHz 


t w Pulse duration 


TCK high or low 


12 


14 


ns 


t su Setup time 


A, B, CLK, LE, or OE before TCKT 


8 


9 


ns 


TDI before TCKt 


3.5 


4.5 


TMS before TCKt 


3 


4 


t n Hold time 


A, B, CLK, LE, or OE after TCKt 


1.7 


1.1 


ns 


TDI after TCKT 


1.5 


0.8 


TMS after TCKt 


1.5 


0.6 


td Delay time 


Power up to TCKt 


50* 


50* 


ns 


t r Rise time 


Vrjc power up 


1* 


1* 


us 



* On products compliant to MIL-PRF-38535, this parameter is not production tested. 
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switching characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (normal mode) (see Figure 14) 



PARAMPTPR 
rMiiHlYl E 1 En 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V CC * 
±0.3V 


V C C = 2.7V 


UNIT 


MIN MAX 


MIN MAX 


f 

'max 


CLKAB or CLKBA 




90 


80 


MHz 


tpm 


AorB 


. BorA 


1.5 6.8 


8.4 


ns 


tPHL 


1.5 6.8 


8.4 


tpLH 


CLKAB or CLKBA 


Bor A 


2 9 


10 


ns 


l PHL 


2 8.5 


9.4 


tPLH 


LEAB or LEBA 


BorA 


2.5 10.8 


12.5 


ns 


tPHL 


2.5 8.6 


9.4 


tpZH 


OEAB or OEBA 


BorA 


2 10.5 


11.5 


ns 


tpZL 


2 11 


12 


tPHZ 


OEAB or OEBA 


B or A 


3 10.8 


11.5 


ns 


{ PLZ 


2.5 9.9 


10.6 


switching characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (test mode) (see Figure 14) 


PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V C C = 3.3V 
+ 0.3V 


V C C = 2.7V 


UNIT 


MIN MAX 


MIN MAX 


f max 


TCK 




50 


40 


MHz 


tPLH 


TCKi 


AorB 


3 18 


20 


ns 


tPHL 


3 18 


20 


tPLH 


TCKi 


TDO 


2 6.6 


9 


ns 


tPHL 


2.5 8 


9 


tPZH 


TCKI 


AorB 


5 20 


23 


ns 


tPZL 


5 20 


23 


tPZH 


TCKi 


TDO 


1.5 6.7 


8 


ns 


tPZL 


2 7 


8.5 


tPHZ 


TCKi 


AorB 


4 22 


24 


ns 


tPLZ 


4 21 


23 


*PHZ 


TCKi 


TDO 


2.5 8.5 


10 


ns 


tPLZ 


2 8 


9.5 
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PARAMETER MEASUREMENT INFORMATION 

_ 6 V 



From Output 

Under Test 

Cl = 50 pF 
(see Note A) 



500 Q 
-AAAr- 



O Open 
9 GND 



500 £2 

LOAD CIRCUIT 
t w 1 



Input 




1.5 V; 



VOLTAGE WAVEFORMS 
PULSE DURATION 



2.7 V 



0V 



Timing Input 



Data Input 



TEST 


S1 


tPLH'tpHL 
tPLZ'tPZL 
tPHZ'tPZH 


Open 
6V 
GND 



tsu ^ th >■ 



1.5V 

l\— — 



^<i.5v yii7 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



2.7 V 
0V 



2.7 V 
0V 



Input 



Output 



Output 



I 

tpHLH«- 



2.7 V 
0V 
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VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. Cl includes probe and jig capacitance. 

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

C. All input pulses are supplied by generators having the following characteristics: PRR <, 10 MHz, Zrj = 50 £2, t r <2.5 ns, tf < 2.5 ns. 

D. The outputs are measured one at a time with one transition per measurement. 



Figure 14. Load Circuit and Voltage Waveforms 
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Members of the Texas Instruments 
SCOPE™ Family of Testability Products 
Members of the Texas Instruments 
Wldebus™ Family 

State-of-the-Art 3.3-V ABT Design Supports 
Mixed-Mode Signal Operation (5-V Input 
and Output Voltages With 3.3-V V cc ) 

Support Unregulated Battery Operation 
Down to 2.7 V 

UBT™ (Universal Bus Transceiver) 
Combines D-Type Latches and D-Type 
Flip-Flops for Operation in Transparent, 
Latched, or Clocked Mode 
Bus Hold on Data Inputs Eliminates the 
Need for External Pullup Resistors 
B-Port Outputs of 'LVTH182502A Devices 
Have Equivalent 25-ft Series Resistors, So 
No External Resistors Are Required 



e 



Compatible With the IEEE Standard 
1149.1-1990 (JTAG) Test Access Port and 
Boundary-Scan Architecture 

SCOPE™ Instruction Set 

- IEEE Standard 1149.1-1990 Required 



Instructions and Optional CLAMP and 



e 



HIGHZ 

- Parallel-Signature Analysis at Inputs 

- Pseudo-Random Pattern Generation 



e 



From Outputs 

- Sample Inputs/Toggle Outputs 

- Binary Count From Outputs 

- Device Identification 

- Even-Parity Opcodes 

Packaged in 64-Pin Plastic Thin Quad Flat 
(PM) Packages Using 0.5-mm 
Center-to-Center Spacings and 68-Pin 
Ceramic Quad Flat (HV) Packages Using 
25-mil Center-to-Center Spacings 



description 



The 'LVTH18502A and 'LVTH182502A scan test devices with 18-bit universal bus transceivers are members 
of the Texas Instruments SCOPE™ testability integrated-circuit family. This family of devices supports IEEE 
Standard 1 1 49.1-1 990 boundary scan to facilitate testing of complex circuit-board assemblies. Scan access to 
the test circuitry is accomplished via the 4-wire test access port (TAP) interface. 

Additionally, these devices are designed specifically for low-voltage (3.3-V) Vcc operation, but with the 
capability to provide a TTL interface to a 5-V system environment. 

In the normal mode, these devices are 1 8-bit universal bus transceivers that combine D-type latches and D-type 
flip-flops to allow data flow in transparent, latched, or clocked modes. They can be used either as two 9-bit 
transceivers or one 1 8-bit transceiver. The test circuitry can be activated by the TAP to take snapshot samples 
of the data appearing at the device pins or to perform a self test on the boundary-test cells. Activating the TAP 
in the normal mode does not affect the functional operation of the SCOPE™ universal bus transceivers. 

Data flow in each direction is controlled by output-enable (OEAB and OEBA), latch-enable (LEAB and LEBA), 
and clock (CLKAB and CLKBA) inputs. For A-to-B data flow, the device operates in the transparent mode when 
LEAB is high. When LEAB is low, the A-bus data is latched while CLKAB is held at a static low or high logic level. 
Otherwise, if LEAB is low, A -bus d ata is stored on a low-to-high transition of CLKAB. When OEAB is low, the 
B outputs are active. When OEAB is hi gh, the B outputs are in the high-impedance state. B-to-A data flow is 
similar to A-to-B data flow, but uses the OEBA, LEBA, and CLKBA inputs. 

In the test mode, the normal operation of the SCOPE™ universal bus transceivers is inhibited, and the test 
circuitry is enabled to observe and control the I/O boundary of the device. When enabled, the test circuitry 
performs boundary-scan test operations according to the protocol described in IEEE Standard 1149.1-1990. 



SCOPE, Widebus, and UBT are trademarks of Texas Instruments Incorporated. 

UNLESS OTHERWISE NOTED this document contains PRODUCTION ■ . Copyright © 1 996, Texas Instruments Incorporated 

DATA Information current as ol publication date. Products conform to 

8 pacification s per the terms of Texas Instruments standard warranty. wVW Trv A f 

Production processing does not necessarily Include testing of all \f lEJ\/\.0 
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description (continued) 



Four dedicated test pins are used to observe and control the operation of the test circuitry: test data input (TDI), 
test data output (TDO), test mode select (TMS), and test clock (TCK). Additionally, the test circuitry performs 
other testing functions such as parallel-signature analysis (PSA) on data inputs and pseudo-random pattern 
generation (PRPG) from data outputs. All testing and scan operations are synchronized to the TAP interface. 

Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logic level. 

The B-port outputs of 'LVTH1 82502A, which are designed to source or sink up to 12 mA, include 25-J3 series 
resistors to reduce overshoot and undershoot. 

The SN54LVTH18502A and SN54LVTH182502A are characterized for operation over the full military 
temperature range of-55°C to 125°C. The SN74LVTH18502A and SN74LVTH182502A are characterized for 
operation from -40°C to 85°C. 
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SN74LVTH18502A, SN74LVTH182502A 
(TOP VIEW) 
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FUNCTION TABLET 
(normal mode, each register) 



INPUTS 


OUTPUT 
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t A-to-B d ata flow is shown. B-to-A data flow is similar 

but uses OEBA, LEBA, and CLKBA. 
t Output level before the indicated steady-state input 

conditions are established 
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functional block diagram 
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Pin numbers shown are for the PM package. 
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Terminal Functions 



TERMINAL NAME 


DESCRIPTION 


1A1-1A9, 
2A1-2A9 


Normal-function A-bus I/O ports. See function table for normal-mode logic. 


1B1-1B9, 
2B1-2B9 


Normal-function B-bus I/O ports. See function table for normal-mode logic. 


1CLKAB, 1CLKBA, 
2CLKAB, 2CLKBA 


Normal-function clock inputs. See function table for normal-mode logic. 


GND 


Ground 


1LEAB, 1LEBA, 
2LEAB, 2LEBA 


Normal-function latch enables. See function table for normal-mode logic. 


10EAB, 10EBA, 

lUCMD, (.UlDM 


Normal-function output enables. See function table for normal-mode logic. An internal pullup at each terminal forces the 

tarminal in a hinh Iav/oI if loft iin^nnnArtaH 
Icillllllal IU a IllyN level II loll UIIUUIIIIOOloU. 


TCK 


Test clock. One of four terminals required by IEEE Standard 1 1 49.1 -1 990. Test operations of the device are synchronous 
to TCK. Data is captured on the rising edge of TCK and outputs change on the falling edge of TCK. 


TDI 


Test data input. One of four terminals required by IEEE Standard 1149.1-1990. TDI is the serial input for shifting data 
through the instruction register or selected data register. An internal pullup forces TDI to a high level if left unconnected. 


TDO 


Test data output. One of four terminals required by I EEE Standard 1 1 49.1 -1 990. TDO is the serial output for shifting data 
through the instruction register or selected data register. 


TMS 


Test mode select. One of four terminals required by IEEE Standard 1 1 49. 1 -1 990. TMS directs the device through its TAP 
controller states. An internal pullup forces TMS to a high level if left unconnected. 


vcc 


Supply voltage 
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test architecture 

Serial-test information is conveyed by means of a 4-wire test bus or TAP, that conforms to IEEE Standard 
1149.1-1990. Test instructions, test data, and test control signals all are passed along this serial-test bus. The 
TAP controller monitors two signals from the test bus, TCK and TMS. The TAP controller extracts the 
synchronization (TCK) and state control (TMS) signals from the test bus and generates the appropriate on-chip 
control signals for the test structures in the device. Figure 1 shows the TAP-controller state diagram. 

The TAP controller is fully synchronous to the TCK signal. Input data is captured on the rising edge of TCK and 
output data changes on the falling edge of TCK. This scheme ensures data to be captured is valid for fully 
one-half of the TCK cycle. 

The functional block diagram shows the IEEE Standard 1149.1-1990 4-wire test bus and boundary-scan 
architecture and the relationship among the test bus, the TAP controller, and the test registers. As shown, the 
device contains an 8-bit instruction register and four test-data registers: a 48-bit boundary-scan register, a 3-bit 
boundary-control register, a 1-bit bypass register, and a 32-bit device identification register. 
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Figure 1. TAP-Controller State Diagram 
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state diagram description 

The TAP controller is a synchronous finite state machine that provides test control signals throughout the device. 
The state diagram shown in Figure 1 is in accordance with IEEE Standard 1149.1-1990. The TAP controller 
proceeds through its states based on the level of TMS at the rising edge of TCK. 

As shown, the TAP controller consists of 16 states. There are six stable states (indicated by a looping arrow in 
the state diagram) and ten unstable states. A stable state is a state the TAP controller can retain for consecutive 
TCK cycles. Any state that does not meet this criterion is an unstable state. 

There are two main paths through the state diagram: one to access and control the selected data register and 
one to access and control the instruction register. Only one register can be accessed at a time. 

Test-Logic-Reset 

The device powers up in the Test-Logic-Reset state. In the stable Test-Logic-Reset state, the test logic is reset 
and is disabled so that the normal logic function of the device is performed. The instruction register is reset to 
an opcode that selects the optional IDCODE instruction, if supported, or the BYPASS instruction. Certain data 
registers can also be reset to their power-up values. 

The state machine is constructed such that the TAP controller returns to the Test-Logic-Reset state in no more 
than five TCK cycles if TMS is left high. The TMS pin has an internal pullup resistor that forces it high if left 
unconnected or if a board defect causes it to be open circuited. 

For the 'LVTH1 8502A and 'LVTH1 82502A, the instruction register is reset to the binary value 1 0000001 , which 
selects the IDCODE instruction. Bits 47-44 in the boundary-scan register are reset to logic 1, ensuring that 
these cells, which control A-port and B-port outputs, are set to benign values (i.e., if test mode were invoked 
the outputs would be at the high-impedance state). Reset-value of other bits in the boundary-scan register 
should be considered indeterminate. The boundary-control register is reset to the binary value 01 0, which 
selects the PSA test operation. 

Run-Test/Idle 

The TAP controller must pass through the Run-Test/ldle state (from Test-Logic-Reset) before executing any test 
operations. The Run-Test/ldle state also can be entered following data-register or instruction-register scans. 
Run-Test/ldle is a stable state in which the test logic can be actively running a test or can be idle. The test 
operations selected by the boundary-control register are performed while the TAP controller is in the 
Run-Test/Idle state. 

Select-DR-Scan, Select-IR-Scan 

No specific function is performed in the Select-DR-Scan and Select-IR-Scan states, and the TAP controller exits 
either of these states on the next TCK cycle. These states allow the selection of either data-register scan or 
instruction-register scan. 

Capture-DR 

When a data-register scan is selected, the TAP controller must pass through the Capture-DR state. In the 
Capture-DR state, the selected data register can capture a data value as specified by the current instruction. 
Such capture operations occur on the rising edge of TCK, upon which the TAP controller exits the 
Capture-DR state. 
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Shift-DR 

Upon entry to the Shift-DR state, the data register is placed in the scan path between TDI and TDO, and on the 
first falling edge of TCK, TDO goes from the high-impedance state to an active state. TDO enables to the logic 
level present in the least-significant bit of the selected data register. 

While in the stable Shift-DR state, data is serially shifted through the selected data register on each TCK cycle. 
The first shift occurs on the first rising edge of TCK after entry to the Shift-DR state (i.e., no shifting occurs during 
the TCK cycle in which the TAP controller changes from Capture-DR to Shift-DR or from Exit2-DR to Shift-DR). 
The last shift occurs on the rising edge of TCK, upon which the TAP controller exits the Shift-DR state. 

Exltl-DR, Exit2-DR 

The Exit1-DR and Exit2-DR states are temporary states that end a data-register scan. It is possible to return 
to the Shift-DR state from either Exit1-DR or Exit2-DR without recapturing the data register. On the first falling 
edge of TCK after entry to Exit1-DR, TDO goes from the active state to the high-impedance state. 

Pause-DR 

No specific function is performed in the stable Pause-DR state, in which the TAP controller can remain 
indefinitely. The Pause-DR state suspends and resumes data-register scan operations without loss of data. 

Update-DR 

If the current instruction calls for the selected data register to be updated with current data, such update occurs 
on the falling edge of TCK, following entry to the Update-DR state. 

Capture-IR 

When an instruction-register scan is selected, the TAP controller must pass through the Capture-IR state. In 
the Capture-IR state, the instruction register captures its current status value. This capture operation occurs 
on the rising edge of TCK, upon which the TAP controller exits the Capture-IR state. For the 'LVTH1 8502A and 
'LVTH182502A, the status value loaded in the Capture-IR state is the fixed binary value 10000001 . 

Shift-IR 

Upon entry to the Shift-IR state, the instruction register is placed in the scan path between TDI and TDO. On 
the first falling edge of TCK, TDO goes from the high-impedance state to the active state. TDO enables to the 
logic level present in the least-significant bit of the instruction register. 

While in the stable Shift-IR state, instruction data is serially shifted through the instruction register on each TCK 
cycle. The first shift occurs on the first rising edge of TCK after entry to the Shift-IR state (i.e., no shifting occurs 
during the TCK cycle in which the TAP controller changes from Capture-IR to Shift-IR or from Exit2-IR to 
Shift-IR). The last shift occurs on the rising edge of TCK, upon which the TAP controller exits the Shift-IR state. 

ExitMR, Exit2-IR 

The Exitl-IR and Exit2-IR states are temporary states that end an instruction-register scan. It is possible to 
return to the Shift-IR state from either Exit1-IR or Exit2-IR without recapturing the instruction register. On the 
first falling edge of TCK after entry to Exit1-IR, TDO goes from the active state to the high-impedance state. 

Pause-IR 

No specific function is performed in the stable Pause-IR state, in which the TAP controller can remain 
indefinitely. The Pause-IR state suspends and resumes instruction-register scan operations without loss 
of data. 

Update-IR 

The current instruction is updated and takes effect on the falling edge of TCK, following entry to the 
Update-IR state. 
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register overview 

With the exception of the bypass and device-identification registers, any test register can be thought of as a 
serial shift register with a shadow latch on each bit. The bypass and device-identification registers differ in that 
they contain only a shift register. During the appropriate capture state (Capture-IR for instruction register, 
Capture-DR for data registers), the shift register can be parallel loaded from a source specified by the current 
instruction. During the appropriate shift state (Shift-IR or Shift-DR), the contents of the shift register are shifted 
out from TDO while new contents are shifted in at TDI. During the appropriate update state (Update-IR or 
Update-DR), the shadow latches are updated from the shift register. 

instruction register description 

The instruction register (IR) is eight bits long and tells the device what instruction is to be executed. Information 
contained in the instruction includes the mode of operation (either normal mode, in which the device performs 
its normal logic function, or test mode, in which the normal logic function is inhibited or altered), the test operation 
to be performed, which of the four data registers is to be selected for inclusion in the scan path during 
data-register scans, and the source of data to be captured into the selected data register during Capture-DR. 

Table 3 lists the instructions supported by the 'LVTH18502A and 'LVTH182502A. The even-parity feature 
specified for SCOPE™ devices is supported in this device. Bit 7 of the instruction opcode is the parity bit. Any 
instructions that are defined for SCOPE™ devices but are not supported by this device default to BYPASS. 

During Capture-IR, the IR captures the binary value 1 0000001 . As an instruction is shifted in, this value is shifted 
out via TDO and can be inspected as verification that the IR is in the scan path. During Update-IR, the value 
that has been shifted into the IR is loaded into shadow latches. At this time, the current instruction is updated 
and any specified mode change takes effect. At power up or in the Test-Logic-Reset state, the IR is reset to the 
binary value 10000001 , which selects the IDCODE instruction. The IR order of scan is shown in Figure 2. 
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Figure 2. Instruction Register Order of Scan 
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data register description 
boundary-scan register 

The boundary-scan register (BSR) is 48 bits long. It contains one boundary-scan cell (BSC) for each 
normal-function input pin and one BSC for each normal-function I/O pin (one single cell for both input data and 
output data). The BSR is used 1) to store test data that is to be applied externally to the device output pins, 
and/or 2) to capture data that appears internally at the outputs of the normal on-chip logic and/or externally at 
the device input pins. 

The source of data to be captured into the BSR during Capture-DR is determined by the current instruction. The 
contents of the BSR can change during Run-Test/Idle as determined by the current instruction. At power up or 
in Test-Logic-Reset, BSCs 47-44 are reset to logic 1 , ensuring that these cells, which control A-port and B-port 
outputs are set to benign values (i.e., if test mode were invoked, the outputs would be at the high-impedance 
state). Reset values of other BSCs should be considered indeterminate. 

The BSR order of scan is from TDI through bits 47-0 to TDO. Table 1 shows the BSR bits and their associated 
device pin signals. 



Table 1. Boundary-Scan Register Configuration 



BSR BIT 
NUMBER 


DEVICE 
SIGNAL 


BSR BIT 
NUMBER 


DEVICE 
SIGNAL 


BSR BIT 
NUMBER 


DEVICE 
SIGNAL 


47 


20EAB 


35 


2A9-I/0 


17 


2B9-I/0 


46 


10EAB 


34 


2A8-I/0 


16 


2B8-I/0 


45 


20EBA 


33 


2A7-I/0 


15 


2B7-I/0 


44 


10EBA 


32 


2A6-I/0 


14 


2B6-I/0 


43 


2CLKAB 


31 


2A5-I/0 


13 


2B5-I/0 


42 


1CLKAB 


30 


2A4-I/0 


12 


2B4-I/0 


41 


2CLKBA 


29 


2A3-I/0 


11 


2B3-I/0 


40 


1CLKBA 


28 


2A2-I/0 


10 


2B2-I/0 


39 


2LEAB 


27 


2A1-I/0 


9 


2B1-I/0 


38 


1LEAB 


26 


1A9-I/0 


8 


1B9-I/0 


37 


2LEBA 


25 


1A8-I/0 


7 ■ 


1B8-I/0 


36 


1LEBA 


24 


1A7-I/0 


6 


1B7-I/0 






23 


1A6-I/0 


5 


1B6-I/0 






22 


1A5-I/0 


4 


1B5-I/0 






21 


1A4-I/0 


3 


1B4-I/0 






20 


1A3-I/0 


2 


1B3-I/0 






19 


1A2-I/0 


1 


1B2-I/0 






18 


1A1-I/0 


0 


1B1-I/0 
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boundary-control register 

The boundary-control register (BCR) is three bits long. The BCR is used in the context of the boundary-run test 
(RUNT) instruction to implement additional test operations not included in the basic SCOPE™ instruction set. 
Such operations include PRPG, PSA, and binary count up (COUNT). Table 4 shows the test operations that 
are decoded by the BCR. 

During Capture-DR, the contents of the BCR are not changed. At power up or in Test-Logic-Reset, the BCR is 
reset to the binary value 01 0, which selects the PSA test operation. The BCR order of scan is shown in Figure 3. 



Bit 2 




Bit 1 




BItO 


(MSB) 


► 


» 


(LSB) 



>TDO 



Figure 3. Boundary-Control Register Order of Scan 

bypass register 

The bypass register is a 1-bit scan path that can be selected to shorten the length of the system scan path, 
reducing the number of bits per test pattern that must be applied to complete a test operation. During 
Capture-DR, the bypass register captures a logic 0. The bypass register order of scan is shown in Figure 4. 





BItO 




► 


► 



Figure 4. Bypass Register Order of Scan 
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device-identification register 

The device-identification register (IDR) is 32 bits long. It can be selected and read to identify the manufacturer, 
part number, and version of this device. 

For the 'LVTH18502A, the binary value 00110000000000011100000000101111 (3001 C02F, hex) is captured 
(during Capture-DR state) in the IDR to identify this device as Texas Instruments SN54/74LVTH18502A. 

For the 'LVTH182502A, the binary value 001 100000000001 00001 0000001 011 11 (30021 02F, hex) is captured 
(during Capture-DR state) in the device-identification register to identify this device as Texas Instruments 
SN54/74LVTH182502A. 

The IDR order of scan is from TDI through bits 31-0 to TDO. Table 2 shows the IDR bits and their significance. 



Table 2. Device-Identification Register Configuration 



IDR BIT 
NUMBER 


IDENTIFICATION 
SIGNIFICANCE 


IDR BIT 
NUMBER 


IDENTIFICATION 
SIGNIFICANCE 


IDR BIT 
NUMBER 


IDENTIFICATION 
SIGNIFICANCE 


31 


VERSION3 


27 


PARTNUMBER15 


11 


MANUFACTURER^ 


30 


VERSION2 


26 


PARTNUMBER14 


10 


MANUFACTURER09T 


29 


VERSION1 


25 


PARTNUMBER13 


9 


MANUFACTURER08T 


28 


VERSION0 


24 


PARTNUMBER12 


8 


MANUFACTURER07T 






23 


PARTNUMBER11 


7 


MANUFACTURER06T 






22 


PARTNUMBER10 


6 


MANUFACTURER05T 






21 


PARTNUMBER09 


5 


MANUFACTURER04T 






20 


PARTNUMBER08 


4 


MANUFACTURER03T 






19 


PARTNUMBER07 


3 


MANUFACTURER02T 






18 


PARTNUMBER06 


2 


MANUFACTUREROlt 






17 


PARTNUMBER05 


1 


MANUFACTURER00T 






16 


PARTNUMBER04 


0 


LOGIC1T 






15 


PARTNUMBER03 










14 


PARTNUMBER02 










13 


PARTNUMBER01 










12 


PARTNUMBER00 







t Note that for Tl products, bits 11-0 of the device-identification register always contain the binary value 000000101111 
(02F, hex). 
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instruction-register opcode description 

The instruction-register opcodes are shown in Table 3. The following descriptions detail the operation of 
each instruction. 



Table 3. Instruction-Register Opcodes 



BINARY CODEt 
BIT 7 -» BIT 0 
MSB -> LSB 


SCOPE OPCODE 


DESCRIPTION 


SELECTED DATA 
REGISTER 


MODE 


00000000 


EXTEST 


Boundary scan 


Boundary scan 


Test 


10000001 


IDCODE 


Identification read 


Device identification 


Normal 


10000010 


SAMPLE/PRELOAD 


Sample boundary 


Boundary scan 


Normal 


00000011 


BYPASS* 


Bypass scan 


Bypass 


Normal 


10000100 


BYPASS* 


Bypass scan 


Bypass 


Normal 


00000101 


BYPASS* 


Bypass scan 


Bypass 


Normal 


00000110 


HIGHZ 


Control boundary to high impedance 


Bypass 


Modified test 


10000111 


CLAMP 


Control boundary to 1/0 


Bypass 


Test 


10001000 


BYPASS* 


Bypass scan 


Bypass 


Normal 


00001001 


RUNT 


Boundary-run test 


Bypass 


Test 


00001010 


READBN 


Boundary read 


Boundary scan 


Normal 


10001011 


READBT 


Boundary read 


Boundary scan 


Test 


00001100 


CELLTST 


Boundary self test 


Boundary scan 


Normal 


10001101 


TOPHIP 


Boundary toggle outputs 


Bypass 


Test 


10001110 


SCANCN 


Boundary-control register scan 


Boundary control 


Normal 


00001111 


SCANCT 


Boundary-control register scan 


Boundary control 


Test 


All others 


BYPASS 


Bypass scan 


Bypass 


Normal 



t Bit 7 is used to maintain even parity in the 8-bit instruction. 

*The BYPASS instruction is executed in lieu of a SCOPE™ instruction that is not supported in the 'LVTH18502A or 'LVTH182502A. 



boundary scan 

This instruction conforms to the IEEE Standard 1149.1-1990 EXTEST instruction. The BSR is selected in the 
scan path. Data appearing at the device input and I/O pins is captured in the associated BSCs. Data that has 
been scanned into the I/O BSCs for pins in the output mode is applied to the device I/O pins. Data present at 
the device pins, except for output enables, is passed through the BSCs to the normal on-chip logic. For I/O pins, 
the operation of a pin as input or output is determined by the contents of the output-enable BSCs (bits 47-44 
of the BSR). When a given output enable is active (logic 0), the associated I/O pins operate in the output mode. 
Otherwise, the I/O pins operate in the input mode. The device operates in the test mode. 

Identification read 

This instruction conforms to the IEEE Standard 1149.1-1990 IDCODE instruction. The IDR is selected in the 
scan path. The device operates in the normal mode. 

sample boundary 

This instruction conforms to the IEEE Standard 1149.1-1990 SAMPLE/PRELOAD instruction. The BSR is 
selected in the scan path. Data appearing at the device input pins and I/O pins in the input mode is captured 
in the associated BSCs, while data appearing at the outputs of the normal on-chip logic is captured in the BSCs 
associated with I/O pins in the output mode. The device operates in the normal mode. 
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bypass scan 

This instruction conforms to the IEEE Standard 1149.1-1990 BYPASS instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. The device 
operates in the normal mode. 

control boundary to high Impedance 

This instruction conforms to the IEEE Standard 11 49.1 a-1 993 HIGHZ instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. The device 
operates in a modified test mode in which all device I/O pins are placed in the high-impedance state, the device 
input pins remain operational, and the normal on-chip logic function is performed. 

control boundary to 1/0 

This instruction conforms to the IEEE Standard 1149.1a-1993 CLAMP instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. Data in the I/O 
BSCs for pins in the output mode is applied to the device I/O pins. The device operates in the test mode. 

boundary-run test 

The bypass register is selected in the scan path. A logic 0 value is captured in the bypass register during 
Capture-DR. The device operates in the test mode. The test operation specified in the BCR is executed during 
Run-Test/ldle. The five test operations decoded by the BCR are: sample inputs/toggle outputs (TOPSIP), 
PRPG, PSA, simultaneous PSA and PRPG (PSA/PRPG), and simultaneous PSA and binary count up 
(PSA/COUNT). 

boundary read 

The BSR is selected in the scan path. The value in the BSR remains unchanged during Capture-DR. This 
instruction is useful for inspecting data after a PSA operation. 

boundary self test 

The BSR is selected in the scan path. All BSCs capture the inverse of their current values during Capture-DR. 
In this way, the contents of the shadow latches can be read out to verify the integrity of both shift-register and 
shadow-latch elements of the BSR. The device operates in the normal mode. 

boundary toggle outputs 

The bypass register is selected in the scan path. A logic 0 value is captured in the bypass register during 
Capture-DR. Data in the shift-register elements of the selected output-mode BSCs is toggled on each rising 
edge of TCK in Run-Test/ldle and is then updated in the shadow latches and applied to the associated device 
I/O pins on each falling edge of TCK in Run-Test/Idle. Data in the input-mode BSCs remains constant. Data 
appearing at the device input or I/O pins is not captured in the input-mode BSCs. The device operates in the 
test mode. 

boundary-control-register scan 

The BCR is selected in the scan path. The value in the BCR remains unchanged during Capture-DR. This 
operation must be performed before a boundary-run test operation to specify which test operation is to 
be executed. 
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boundary-control-register opcode description 

The BCR opcodes are decoded from BCR bits 2-0, as shown in Table 4. The selected test operation is 
performed while the RUNT instruction is executed in the Run-Test/Idle state. The following descriptions detail 
the operation of each BCR instruction and illustrate the associated PSA and PRPG algorithms. 



Table 4. Boundary-Control Register Opcodes 



BINARY CODE 
BIT 2 -* BIT 0 
MSB -* LSB 


DESCRIPTION 


XOO 


Sample inputs/toggle outputs (TOPSIP) 


X01 


Pseudo-random pattern generation/36-bit mode (PRPG) 


X10 


Parallel-signature analysis/36-bit mode (PSA) 


011 


Simultaneous PSA and PRPG/1 8-bit mode (PSA/PRPG) 


111 


Simultaneous PSA and binary count up/1 8-bit mode (PSA/COUNT) 



While the control input BSCs (bits 47-36) are not included in the toggle, PSA, PRPG, or COUNT algorithms, 
the output-enable BSCs (bits 47-44 of the BSR) control the drive state (active or high impedance) of the selected 
device output pins. These BCR in str uctions are o nly vali d w hen bo th bytes of the device are operating in one 
d irection of data flo w (i. e., 10E AB * 10E BA and 20EAB * 20EBA) and in the same direction of data flow (i.e., 
1 0EAB = 20EAB and 1 0EBA = 20EBA). Otherwise, the bypass instruction is operated. 

sample inputs/toggle outputs (TOPSIP) 

Data appearing at the selected device input-mode I/O pins is captured in the shift-register elements of the 
associated BSCs on each rising edge of TCK. Data in the shift-register elements of the selected output-mode 
BSCs is toggled on each rising edge of TCK, updated in the shadow latches, and applied to the associated 
device I/O pins on each falling edge of TCK. 
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pseudo-random pattern generation (PRPG) 

A pseudo-random pattern is generated in the shift-register elements of the selected BSCs on each rising edge 
of TCK, updated in the shadow latches, and applied to the associated device output-mode I/O pins on each 
falling edge of TCK. Figures 5 and 6 show the 36-bit linear-feedback shift-register algorithms through which the 
patterns are generated. An initial seed value should be scanned into the BSR before performing this operation. 
A seed value of all zeroes does not produce additional patterns. 

2A9-I/0 2A8-I/0 2A7-I/0 2A6-I/0 2A5-I/0 2A4-I/0 2A3-I/0 2A2-I/0 2A1-I/0 



HIKH 



1A9-I/0 1A8-I/0 1A7-I/0 1A6-I/0 1A5-I/0 1A4-I/0 1A3-I/0 1A2-I/0 1A1-I/0 



2B9-I/0 2B8-I/0 2B7-I/0 2B6-I/0 2B5-I/0 2B4-I/0 2B3-I/0 2B2-I/0 2B1-I/0 



©■!> 



1B9-I/0 1B8-I/0 1B7-I/0 1B6-I/0 1B5-I/0 1B4-I/0 1B3-I/0 1B2-I/0 1B1-I/0 



Figure 5. 36-Bit PRPG Configuration (10EAB = 20EAB = 0, 10EBA = 20EBA = 1) 
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2B9-I/0 2B8-I/0 2B7-I/0 2B6-I/0 2B5-I/0 2B4-I/0 2B3-I/0 2B2-I/0 2B1-I/0 



1B9-I/0 1B8-I/0 1B7-I/0 1B6-I/0 1B5-I/0 1B4-I/0 1B3-I/0 1B2-I/0 1B1-I/0 



2A9-I/0 2A8-I/0 2A7-I/0 2A6-I/0 2A5-I/0 2A4-I/0 2A3-1/0 2A2-I/0 2A1-I/0 



1A9-I/0 1A8-I/0 1A7-I/0 1A6-I/0 1A5-I/0 1A4-I/0 1A3-I/0 1A2-I/0 1A1-I/0 



Figure 6. 36-Bit PRPG Configuration (10EAB = 20EAB = 1, 1GEBA = 20EBA = 0) 
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parallel-signature analysis (PSA) 

Data appearing at the selected device input-mode I/O pins is compressed into a 36-bit parallel signature in the 
shift-register elements of the selected BSCs on each rising edge of TCK. Data in the shadow latches of the 
selected output-mode BSCs remains constant and is applied to the associated device I/O pins. Figures 7 and 8 
show the 36-bit linear-feedback shift-register algorithms through which the signature is generated. An initial 
seed value should be scanned into the BSR before performing this operation. 

2A9-I/0 2A8-I/0 2A7-I/0 2A6-I/0 2A5-I/0 2A4-I/0 2A3-I/0 2A2-I/0 2A1-I/0 
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L 1 1 1 1 1 1 1 i 
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© 



,©_©_»© 



1A9-I/0 1A8-I/0 1A7-I/0 1A6-I/0 1A5-I/0 1A4-I/0 1A3-I/0 1A2-I/0 1A1-I/0 

1 i 1 J 



JL JL JL JL JL 



© 



© 



© 



© 



©- 



hOH 



2B9-I/0 2B8-I/0 2B7-I/0 2B6-I/0 2B5-I/0 2B4-I/0 2B3-I/0 2B2-I/0 2B1-I/0 



1B9-I/0 1B8-I/0 1B7-I/0 1B6-I/0 1B5-I/0 1B4-I/0 1B3-1/0 1B2-I/0 1B1-I/0 



Figure 7. 36-Bit PSA Configuration (10EAB = 20EAB = 0, 10EBA = 20EBA = 1) 
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2A9-I/0 2A8-I/0 2A7-I/0 2A6-I/0 2A5-I/0 2A4-I/0 2A3-I/0 2A2-I/0 2A1-I/0 
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1A9-I/0 1A8-I/0 1A7-I/0 1A6-I/0 1A5-I/0 1A4-I/0 1A3-I/0 1A2-I/0 1A1-1/0 



Figure 8. 36-Bit PSA Configuration (10EAB = 20EAB = 1, 10EBA = 20EBA = 0) 
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simultaneous PSA and PRPG (PSA/PRPG) 

Data appearing at the selected device input-mode I/O pins is compressed into an 18-bit parallel signature in 
the shift-register elements of the selected input-mode BSCs on each rising edge of TCK. At the same time, an 
1 8-bit pseudo-random pattern is generated in the shift-register elements of the selected output-mode BSCs on 
each rising edge of TCK, updated in the shadow latches, and applied to the associated device I/O pins on each 
falling edge of TCK. Figures 9 and 1 0 show the 1 8-bit linear-feedback shift-register algorithms through which 
the signature and patterns are generated. An initial seed value should be scanned into the BSR before 
performing this operation. A seed value of all zeroes does not produce additional patterns. 

2A9-I/0 2A8-I/0 2A7-I/0 2A6-I/0 2A5-I/0 2A4-I/0 2A3-I/0 2A2-I/0 2A1-I/0 
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© 



© 
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1A9-I/0 1A8-I/0 1A7-I/0 1A6-I/0 1A5-I/0 1A4-I/0 1A3-I/0 1A2-I/0 1A1-I/0 

lllllllil 
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©■!> 



2B9-I/0 2B8-I/0 2B7-I/0 2B6-I/0 2B5-I/0 2B4-I/0 2B3-I/Q 



2B2-I/0 2B1-I/0 



1B9-I/0 1B8-I/0 1B7-I/0 1B6-I/0 1B5-I/0 1B4-I/0 1B3-I/0 1B2-I/0 1B1-I/0 



Figure 9. 18-Bit PSA/PRPG Configuration (10EAB = 20EAB = 0, 10EBA = 20EBA = 1) 
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Figure 10. 18-Bit PSA/PRPG Configuration (10EAB = 20EAB = 1, 10EBA = 20EBA = 0) 
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simultaneous PSA and binary count up (PSA/COUNT) 

Data appearing at the selected device input-mode I/O pins is compressed into an 1 8-bit parallel signature in 
the shift-register elements of the selected input-mode BSCs on each rising edge of TCK. At the same time, an 
1 8-bit binary count-up pattern is generated in the shift-register elements of the selected output-mode BSCs on 
each rising edge of TCK, updated in the shadow latches, and applied to the associated device I/O pins on each 
falling edge of TCK. Figures 11 and 12 show the 18-bit linear-feedback shift-register algorithms through which 
the signature is generated. An initial seed value should be scanned into the BSR before performing 
this operation. 

2A9-I/0 2A8-I/0 2A7-I/0 2A6-I/0 2A5-I/0 2A4-I/0 2A3-I/0 2A2-I/0 2A1-I/0 

JLi.JLJLJLJLJL.±.i 



© 



,0_ © 



© 



© 



1A9-I/0 1A8-I/0 1A7-I/0 1A6-I/0 1A5-I/0 1A4-I/0 1A3-I/0 1A2-I/0 1A1-I/0 



1 1 i 



U©]_J© 



L 1 1 1 1 




MSB 



ggggggggg 

2B9-I/0 2B8-I/0 2B7-I/0 2B6-I/0 2B5-I/0 2B4-I/0 2B3-I/0 2B2-I/0 2B1-I/0 

^ggggggggg 

© = H 1B9-I/0 1B8-I/0 1B7-I/0 1B6-I/0 1B5-I/0 1B4-I/0 1B3-I/0 1B2-I/0 1B1-I/0 

Figure 11. 18-Bit PSA/COUNT Configuration (10EAB = 20EAB = 0, 10EBA = 20EBA = 1) 
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1B9-I/0 1B8-I/0 1B7-I/0 1B6-I/0 1B5-1/0 1B4-I/0 1B3-I/0 1B2-I/0 1B1-I/0 

111111111 



.© 
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© 
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.© — © 



MSB 



ggggggggg 

2A9-I/0 2A8-1/0 2A7-I/0 2A6-I/0 2A5-I/0 2A4-I/0 2A3-I/0 2A2-I/0 2A 1-1/0 

-^□ggggggggg 

(+) = JJ J - 1A9-I/0 1A8-I/0 1A7-I/0 1A6-I/0 1A5-I/0 1A4-I/0 1A3-I/0 1A2-I/0 1A1-I/0 

Figure 12. 18-Bit PSA/COUNT Configuration (10EAB = 20lAB = 1, 10lBA = 20EBA = 0) 
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timing description 

All test operations of the 'LVTH1 8502A and 'LVTH1 82502A are synchronous to the TCK signal. Data on the TDI, 
TMS, and normal-function inputs is captured on the rising edge of TCK. Data appears on the TDO and 
normal-function output pins on the falling edge of TCK. The TAP controller is advanced through its states (as 
shown in Figure 1) by changing the value of TMS on the falling edge of TCK and then applying a rising edge 
to TCK. 

A simple timing example is shown in Figure 13. In this example, the TAP controller begins in the 
Test-Logic-Reset state and is advanced through its states, as necessary, to perform one instruction-register 
scan and one data-register scan. While in the Shift-IR and Shift-DR states, TDI is used to input serial data, and 
TDO is used to output serial data. The TAP controller is then returned to the Test-Logic-Reset state. Table 5 
details the operation of the test circuitry during each TCK cycle. 



Table 5. Explanation of Timing Example 



TCK 
CYCLE(S) 


TAP STATE 
AFTER TCK 


DESCRIPTION 


1 


Test-Logic-Reset 


TMS is changed to a logic 0 value on the falling edge of TCK to begin advancing the TAP controller toward 
the desired state. 


2 


Run-Test/Idle 




3 


Select-DR-Scan 




4 


Select-IR-Scan 




5 


Capture-IR 


The IR captures the 8-bit binary value 10000001 on the rising edge of TCK as the TAP controller exits the 
Capture-IR state. 


6 


Shift-IR 


TDO becomes active and TDI is made valid on the falling edge of TCK. The first bit is shifted into the TAP 
on the rising edge of TCK as the TAP controller advances to the next state. 


7-13 


Shift-IR 


One bit is shifted into the I R on each TCK rising edge. With TD I held at a logic 1 value, the 8-bit binary value 
1 1 1 1 1 1 1 1 is serially scanned into the I R. At the same time, the 8-bit binary value 1 0000001 is serially scanned 
out of the IR via TDO. In TCK cycle 13, TMS is changed to a logic 1 value to end the IR scan on the next 
TCK cycle. The last bit of the instruction is shifted as the TAP controller advances from Shift-I R to Exit1-IR. 


14 


ExitMR 


TDO becomes inactive (goes to the high-impedance state) on the falling edge of TCK. 


15 


Update-IR 


The IR is updated with the new instruction (BYPASS) on the falling edge of TCK. 


16 


Select-DR-Scan 




17 


Capture-DR 


The bypass register captures a logic 0 value on the rising edge of TCK as the TAP controller exits the 
Capture-DR state. 


18 


Shift-DR 


TDO becomes active and TDI is made valid on the falling edge of TCK. The first bit is shifted into the TAP 
on the rising edge of TCK as the TAP controller advances to the next state. 


19-20 


Shift-DR 


The binary value 101 is shifted in via TDI, while the binary value 010 is shifted out via TDO. 


21 


Exit1-DR 


TDO becomes inactive (goes to the high-impedance state) on the falling edge of TCK. 


22 


Update-DR 


The selected data register is updated with the new data on the falling edgo of TCK. 


23 


Select-DR-Scan 




24 


Select-IR-Scan 




25 


Test-Logic-Reset 


Test operation completed 
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TDO 



~i_r 



TAP 
Controller 
State 



Q] 3-State (TDO) or Don't Care (TDI) 
Figure 13. Timing Example 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, Vrjc -0-5 V to 4.6 V 

Input voltage range, V| (see Note 1) -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq (see Note 1) — -0.5 V to 7 V 

Current into any output in the low state, \q: SN54LVTH1 8502A 96 m A 

SN54LVTH182502A(AportorTDO) 96 mA 

SN54LVTH182502A(Bport) 30 mA 

SN74LVTH18502A 128 mA 

SN74LVTH182502A(AportorTDO) 128 mA 

SN74LVTH182502A(Bport) 30 mA 

Current into any output in the high state, Iq (see Note 2): SN54LVTH18502A 48 mA 

SN54LVTH182502A(AportorTDO) .... 48mA 

SN54LVTH182502A(Bport) 30 mA 

SN74LVTH18502A 64 mA 

SN74LVTH182502A(AportorTDO) .... 64mA 

SN74LVTH182502A(Bport) 30 mA 

Input clamp current, I|k (V| < 0) -50 mA 

Output clamp current, Iok ( v 0 < °) _5 ° mA 

Maximum power dissipation at Ta = 55°C (in still air) (see Note 3): PM package 1 W 

Storage temperature range, T s t g -65°C to 1 50°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. The input and output negative-voltage ratings can be exceeded if the input and output clamp-current ratings are observed. 

2. This current only flows when the output is in the high state and Vo > Vqc- 

3. The maximum package power dissipation is calculated using a junction temperature of 150°C and a board trace length of 75 mils. 
For more information, refer to the Package Thermal Considerations application note in the ABT Advanced BiCMOS Technology Data 
Book, literature number SCBD002. 
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recommended operating conditions 







SN54LVTH18502A 


SN74LVTH18502A 


UNIT 






MIN 


MAX 


MIN 


MAX 


vcc 


Supply voltage 


2.7 


3.6 


2.7 


3.6 


V 


VlH 


High-level input voltage 


2 


A. 


2 


V 


VlL 


Low-level input voltage 


#0.8 


0.8 


V 


V| 


Input voltage 


5 - 5 


5.5 


V 


'OH 


High-level output current 


..fC -24 


-32 


mA 


"OL 


Low-level output current 




24 


32 


mA 


IOL+ 


Low-level output current 




48 


64 


mA 


At/Av 


Input transition rise or fall rate 


Outputs enabled 




10 


10 


ns/V 


T A 


Operating (ree-air temperature 


-55 


125 


^40 


85 


°C 



t Current duty cycle < 50%, f > 1 kHz 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


OnOtLV 1 n loOUZM 




UNIT 


MIM TVDT' MAY 


MIM TVd1* MAY 
mlPl 1 Irl MMA 


V|K 


Vcc = 2.7V, l|=-18mA 


1 o 
— I 


—1 


V 


VOH 


Vcc = M'N to MAX*, Ioh = -100M 


VCC -0 ^ 




V 


V C C = 2.7V, l 0 H = -3mA 


0 A 


2 4 


V C C = 3V 


Iqh = -8 rnA 


O A 


O A 


lOH = _ 24 mA 


O 




lOH = -32 mA 




o 
c. 


vol 


V C C = 2.7 V 


IOL= 100ixA 


n o 


\J.tL 


V 


lOL = 24 mA 


n t\ 
yj.o 


\J.O 


V C C = 3 V 


IOL= 16 mA 




C\ A 


lOL = 32 mA 


u.o 


n r 


l0L = 48 mA 


n 




Iql = 64 mA 




U.UO 


i| 


CLK, 
LE, TCK 


Vcc = 3.6 V, V| = Vcc or GND 


Jy&? ±1 


i I 


(iA 


Vcc = 0 or MAX*, V| = 5.5 V 


3^ — tF 


10 


OE, TDI, 
TMS 


Vcc = 3.6 V 


V| = 5.5 V 






V| = V CC 


r* 1 


■\ 


V| = 0 


_o(sn-S — inn 


—25 —1 00 


AorB 
ports§ 


V C C = 3.6 V 


V| = 5.5 V 


^ 20 


20 


V| = V CC 


H 1 




V| = 0 


—5 


-5 


'off 


Vcc = 0. V| or Vq = 0 to 4.5 V 




+ 100 




ll(hold) 11 


AorB 
ports 


V C C = 3V 


V| = 0.8 V 


75 500 


75 150 500 


HA 


V| = 2V 


-75 -500 


-75 -150 -500 


'OZH 


TDO 


Vcc - 3.6 V, Vo = 3 V 


1 


1 


HA 


>OZL 


TDO 


V C C = 3.6 V, V 0 = 0.5 V 


-1 


-1 


uA 


'OZPU 


TDO 


Vcc -Oto 1.5 V, Vo = 0.5Vor3V 


±50 


±50 


U.A 


'OZPD 


TDO 


V C C = 1-5V toO, V O = 0.5Vor3V 


+50 


±50 


HA 


'cc 


V C C = 3.6 V, 

io = o, 

V| = Vcc or GND 


Outputs high 


0.6 2 


0.6 2 


mA 


Outputs low 


18 24 


18 24 


Outputs disabled 


0.6 2 


0.6 2 


AICC # 


Vcc = 3 V to 3.6 V, One input at Vcc ~ °- 6 v . 
Other inputs at Vcc or GND 


0.5 


0.5 


mA 


Cj 


V| = 3 V or 0 


4 


4 


PF 


Cjo 


Vo = 3 V or 0 


10 


10 


PF 


C 0 


Vq = 3 V or 0 


8 


8 


PF 



t All typical values are at Vcc = 3.3 V, Ta = 25°C. 

$ For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
§ Unused pins at Vcc or GND 

H The parameter ]](hold) includes the off-state output leakage current. 

#This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc 01 G ND - 
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timing requirements over recommended operating free-air temperature range (unless otherwise 
noted) (normal mode) (see Figure 14) 





SN54LVTH18502A 


SN74LVTH18502A 


UNIT 


V C C = 3.3 V 
+ 0.3V 


\Iqq = 2.7 V 


V C C = 3.3 V 
±0.3V 


Vqq = 2.7 V 


MIN MAX 


MIN MAX 


MIN MAX 


MIN MAX 


'clock Clock frequency 


CLKAB or CLKBA 


0 100 


0 80 


0 100 


0 80 


MHz 


t w Pulse duration 


CLKAB or CLKBA high or low 


4.4 




4.4 


5.6 


ns 


LEAB or LEBA high 


3 




3 


3 


t su Setup time 


A before CLKABt or 
B before CLKBAt 


2.8 < 


P 3 


2.8 


3 


ns 


A before LEABi or 
B before LEBA-L 


CLK high 


1.5 


0.7 


1.5 


0.7 


CLK low 


1-6 S 


1.6 


1.6 


1.6 


t n Hold time 


A after CLKABt or 
B after CLKBAt 


1.4 ^ 


1.1 


1.4 


1.1 


ns 


A after LEABi or B after LEBA! 


3.1 


3.5 


3.1 


3.5 



timing requirements over recommended operating free-air temperature range (unless otherwise 
noted) (test mode) (see Figure 14) 





SN54LVTH18502A 


SN74LVTH18502A 


UNIT 


V C C = 3.3V 
±0.3V 


V C C = 2.7V 


V C c = 3.3V 
±0.3V 


V C C = 2.7V 


MIN MAX 


MIN MAX 


MIN MAX 


MIN MAX 


'clock Clock frequency 


TCK 


0 50 


0 40 


0 50 


0 40 


MHz 


t w Pulse duration 


TCK high or low 


9.5 


10$ 


9.5 


10.5 


ns 


t su Setup time 


A, B, CLK, LE, orOE 
before TCKt 


6.5 




6.5 


7 


ns 


TDI before TCKt 


2-5 ^ 


? 3.5 


2.5 


3.5 


TMS before TCKt 


2.5 


3.5 


2.5 


3.5 


t n Hold time 


A, B, CLK, LE, orOE 
after TCKt 


4- — 


1 


1.5 


1 


ns 


TDI after TCKt 


1.5 


1 


1.5 


1 


TMS after TCKt 


1.5 


1 


1.5 


1 


t,j Delay time 


Power up to TCKt 


50 


50 


50 


50 


ns 


t r Rise time 


Vrjc power up 


1 


1 


1 


1 


[IS 
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switching characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (normal mode) (see Figure 14) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


SN54LVTH18502A 


SN74LVTH18502A 


UNIT 


V CC = 3.3 V 
±0.3V 


V CC = 2 7 v 


V C C = 3.3 V 
±0.3 V 


Vcc = 2.7 V 


MIN MAX 


MIN MAX 


MIN MAX 


MIN MAX 


'max 


CLKAB or CLKBA 




100 


80 


100 


80 


MHz 


tpLH 


AorB 


B or A 


1.5 5.1 


5.8 


1.5 4.9 


5.6 


ns 


l PHL 


1.5 5.1 


i:« 5.8 


1.5 4.9 


5.6 


*PLH 


CLKAB or CLKBA 


B or A 


1.5 6.3 


7.2 


1.5 5.8 


6.8 


ns 


tPHL 


1.5 6.3 


* 7.2 


1.5 5.8 


6.8 


tPLH 


LEAB or LEBA 


B or A 


1.5 7.8< 


9.2 


1.5 7.4 


8.4 


ns 


tPHL 


1.5 


6.6 


1.5 5.7 


6.4 


tpZH 




B or A 


1.5 /,7.6 


8.5 


1.5 7.1 


8.3 


ns 


tpZL 


OEAB orOEBA 


1.5 v 7.6 


8.5 


1.5 7.1 


8.3 


tpHZ 




B or A 


2.5 8.3 


8.8 


2.5 7.8 


8.4 


ns 


tPLZ 


OEAB or OEBA 


2.5 8.3 


8.8 


2.5 7.8 


8.4 



switching characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (test mode) (see Figure 14) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


SN54LVTH18502A 


SN74LVTH18502A 


UNIT 


V C C = 3.3 V 
±0.3V 


V C C = 2.7 V 


V C C = 3.3 V 
±0.3V 


V C C = 2.7 V 


MIN MAX 


MIN MAX 


MIN MAX 


MIN MAX 


'max 


TCK 




50 


40 


50 


40 


MHz 


tPLH 


TCKi 


AorB 


2.5 15 


18 


2.5 14 


17 


ns 


'PHL 


2.5 15 


^ 18 


2.5 14 


17 


tPLH 


TCKi 


TDO 


1 6 




1 5.5 


6.5 


ns 


tPHL 


1.5 7 


*f 8 


1.5 6.5 


7.5 


l PZH 


TCKi 


AorB 


4 


21 


4 17 


20 


ns 


IPZL 




21 


4 17 


20 


IPZH 


TCKi 


TDO 


1 #6 


7 


1 5.5 


6.5 


ns 


tpzL 


1.5 4 i 6 


7 


1.5 5.5 


6.5 


¥HZ 


TCKi 


AorB 


4 19 


21 


4 18 


20 


ns 


l PLZ 


4 18 


19.5 


4 17 


18.5 


*PHZ 


TCKi 


TDO 


1.5 7.5 


9 


1.5 7 


8.5 


ns 


tPLZ 


1.5 7.5 


. 8.5 


1.5 7 


8 
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recommended operating conditions 









SN54LVTH182502A 


SN74LVTH182502A 


UNIT 








MIN 


MAX 


MIN 


MAX 


vcc 


Supply voltage 




2.7 


3.6 


2.7 


3.6 


V 


V|H 


High-level input voltage 




2 


2 


V 


V|L 


Low-level input voltage 






0.8 


V 


V| 


Input voltage 




^ 5.5 


5.5 


V 


"OH 


High-level output current 


A port, TDO 


& "24 


-32 


mA 


Bport 




-12 


-12 


lOL 


Low-level output current 


A port, TDO 


— 

— 4- — 


24 


32 


mA 


Bport 




12 


12 


lOL* 


Low-level output current 


A port, TDO 




48 


64 


mA 


At/Av 


Input transition rise or fall rate 


Outputs enabled 


10 


10 


ns/V 


TA 


Operating free-air temperature 




-55 


125 


-40 


85 


°C 



t Current duty cycle £ 50%, f > 1 kHz 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


SN54LVTH182502A 


SN74LVTH182502A 


UNIT 


MIN TYPt MAX 


MIN TYPt MAX 


V|K 


Vcc = 2.7V, l|--18mA 


-1.2 


-1.2 


V 


VOH 


A, B, TDO 


Vcc = M'N to MAX*, loH=-100nA 


VcC-0.2 


VcC-0-2 


V 


A port, 
TDO 


V C C = 2.7V, l 0 H = -^mA 


2.4 


2.4 


V C C - 3 V 


Iqh = -8 mA 


2.4 


2.4 


Iqh ■= -24 mA 


2 




Iqh - -32 mA 




2 


Bport 


V C C - 3 V, l 0 H = -12mA 


2 


2 


vol 


A, B, TDO 


Vcc = 2.7 V, loL=100nA 


0.2 


0.2 


V 


A port, 
TDO 


Vcc = 2.7 V, Iql = 24 mA 


0.5 


0.5 


V C C = 3V 


iOL= 16 mA 


0.4 


0.4 


lOL = 32 mA 


0.5 


0.5 


lOL = 48 mA 


0.55 




Iql = 64 mA 




0.55 


B port 


Vcc = 3V, loL=12mA 


& 0.8 


0.8 


ii 


CLK, 
LE, TCK 


Vcc = 3.6 V, V| = Vcc or GND 




±1 


\iA 


Vcc = 0 or MAX*, V| = 5.5 V 




10 


OE, 

TDI, TMS 


V C C = 3.6 V 


V| = 5.5 V 


# 


5 


V| - V C C 


& 1 


1 


V| = 0 


£r ~ 

^5 -100 


-25 -100 


AorB 
ports§ 


V C C = 3.6 V 


V| = 5.5 V 


^ ~ 

20 


20 


V| = V CC 


1 


1 


V| = 0 


-5 


-5 


'off 


Vcc = 0, V|orVQ = 0to4.5V 




±100 


HA 


'l(hold) 11 


A or B 
ports 


Vcc = 3 V 


V| = 0.8V 


75 500 


75 150 500 


HA 


V| = 2V 


-75 -500 


-75 -150 -500 


lOZH 


TDO 


Vcc = 3.6 V, Vo - 3 V 


1 


1 


U.A 


'OZL 


TDO 


Vcc = 3.6 V/ Vo = 0.5 V 


-1 


-1 


HA 


'OZPU 


TDO 


Vcc = 0to1.5V, Vo = 0.5Vor3V 


±50 


±50 


|iA 


>OZPD 


TDO 


Vcc = 1-5VtoO, Vo = 0.5Vor3V 


±50 


±50 


HA 


'cc 


V C C = 3.6 V, 

io-o, 

V| = Vcc or GND 


Outputs high 


0.6 2 


0.6 2 


mA 


Outputs low 


18 24 


18 24 


Outputs disabled 


0.6 2 


0.6 2 


AICC # 


Vcc = 3 V to 3.6 V, One input at Vcc " 0-6 V, 
Other inputs at Vcc or G ND 


0.5 


0.5 


mA 


Cj 


V| = 3VorO 


4 


4 


PF 


Cj 0 


Vo = 3 V or 0 


10 


10 


PF 


Co 


Vq - 3 V or 0 


8 


8 


PF 



t All typical values are at Vcc = 3.3 V, T/\ = 25°C. 
$ For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
§ Unused pins at Vcc or GND 

H The parameter l|(hold) includes the off-state output leakage current. 

#This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or G ND - 
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timing requirements over recommended operating free-air temperature range (unless otherwise 
noted) (normal mode) (see Figure 14) 





SN54LVTH182502A 


SN74LVTH182502A 


UNIT 


Vcc = 3-3 V 
±0.3V 


V C C = 2.7 V 


Vcc = 3-3 V 
±0.3V 


V C C = 2.7 V 


MIN MAX 


MIN MAX 


MIN MAX 


MIN MAX 


'clock c,ock frequency 


CLKAB or CLKBA 


0 100 


0 80 


0 100 


0 80 


MHz 


t w Pulse duration 


CLKAB or CLKBA high or low 


4.4 


S&6 


4.4 


5.6 


ns 


LEAB or LEBA high 


3 




3 


3 


t su Setup time 


A before CLKABt or 
B before CLKBA? 


2.8 4 


f 3 


2.8 


3 


ns 


A before LEAB4- or 
B before LEBA-l 


CLK high 


1.5 


0.7 


1.5 


0.7 


CLK low 


1-6 & 


1.6 


1.6 


1.6 


t n Hold time 


A after CLKABT or 
B after CLKBAt 


1.4 & 


1.1 


1.4 


1.1 


ns 


A after LEAB4- or B after LEBAJ. 


3.1 


3.5 


3.1 


3.5 



timing requirements over recommended operating free-air temperature range (unless otherwise 
noted) (test mode) (see Figure 14) 





SN54LVTH182502A 


SN74LVTH182502A 


UNIT 


V C C = 3.3 V 
±0.3V 


V C C = 2.7 V 


V C C = 3.3 V 
±0.3V 


V C C = 2.7 V 


MIN MAX 


MIN MAX 


MIN MAX 


MIN MAX 


fclock Clock frequency 


TCK 


0 50 


0 40 


0 50 


0 40 


MHz 


t w Pulse duration 


TCK high or low 


9.5 


10:5 


9.5 


10.5 


ns 


t su Setup time 


A, B, CLK, LE, or 
OE before TCKt 


6.5 


# 7 


6.5 


7 


ns 


TDI before TCKt 


2 - 5 A 


* 3.5 


2.5 


3.5 


TMS before TCKt 


2 ' 5 # 


3.5 


2.5 


3.5 


t n Hold time 


A, B, CLK, LE, or 
OE after TCKt 




1 


1.5 


1 


ns 


TDI after TCKt 


1.5 


1 


1.5 


1 


TMS after TCKt 


1.5 


1 


1.5 


1 


td Delay time 


Power up to TCKt 


50 


50 


50 


50 


ns 


t r Rise time 


Vcc power up 


1 


1 


1 


1 


lis 
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switching characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (normal mode) (see Figure 14) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


SN54LVTH182502A 


SN74LVTH182502A 


UNIT 


V C C = 3.3 V 
± 0.3 V 


V C C = 2.7 V 


V C C = 3.3 V 
± 0.3 V 


V C C = 2.7V 


MIN MAX 


MIN MAX 


MIN MAX 


MIN MAX 


*max 


CLKAB or CLKBA 




100 


80 


100 


80 


MHz 


l PLH 


A 


B 


1.5 6 


6.7 


1.5 5.7 


6.4 


ns 


tpHL 


1.5 6 


6.7 


1.5 5.7 


6.4 


tPLH 


B 


A 


1.5 5.1 


5.8 


1.5 4.9 


5.6 


ns 


tPHL 


1.5 5.1 


5.8 


1.5 4.9 


5.6 


tPLH 


CLKAB 


B 


1.5 7.1 




1.5 6.7 


7.7 


ns 


tPHL 


1.5 7.1 




1.5 6.7 


7.7 


*PLH 


CLKBA 


A 


1.5 6.3 


F 7.2 


1.5 5.8 


6.8 


ns 


tPHL 


1.5 6$; 


7.2 


1.5 5.8 


6.8 


l PLH 


LEAB 


B 


1-5 0 


9.7 


1.5 8.2 


9.2 


ns 


tPHL 


1.5 J&B.5 


6.9 


1.5 6.2 


6.7 


tpLH 


LEBA 


A 


1.5 ^ 7.8 


9.2 


1.5 7.4 


8.4 


ns 


tPHL 


1.5 6 


6.6 


1.5 5.7 


6.4 


l PZH 




BorA 


1.5 8.4 


9.6 


<- 1.5 7.9 


8.7 


ns 


tpZL 


OEAB or OEBA 


1.5 8.4 


9.6 


1.5 7.9 


8.7 


l PHZ 




Bor A 


2.5 9.1 


9.3 


2.5 8.4 


8.9 


ns 


l PLZ 


OEAB or OEBA 


2.5 9.1 


9.3 


2.5 8.4 


8.9 



switching characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (test mode) (see Figure 14) 









SN54LVTH182502A 


SN74LVTH182502A 




PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V C C = 3.3 V 
±0.3 V 


v cc = 


2.7 V 


V C C = 3.3 V 
±0.3V 


V C C = 2.7V 


UNIT 








MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 




Wx 


TCK 




50 


40 


50 


40 


MHz 


tPLH 


TCKi 


AorB 


2.5 


15 


18 


2.5 


14 


17 


ns 


*PHL 


2.5 


15 


18 


2.5 


14 


17 


l PLH 


TCKJ- 


TDO 


1 6 




7 


1 


5.5 


6.5 


ns 


tPHL 


1.5 


7 




8 


1.5 


6.5 


7.5 


tpZH 


TCK4 


AorB 


4 


18 




21 


4 


17 


20 


ns 


l PZL 


4 




21 


4 


17 


20 


tpZH 


TCKi 


TDO 


1 




7 


1 5.5 


6.5 


ns 


tpZL 


1.5 


6 c 

4>? b 


7 


1.5 


5.5 


6.5 


l PHZ 


TCK1 


A or B 


4 


^' 19 


21 


4 


18 


20 


ns 


tPLZ 


4 


18 


19.5 


4 


17 


18.5 


l PHZ 


TCK4- 


TDO 


1.5 


7.5 


9 


1.5 


7 


8.5 


ns 


tPLZ 


1.5 


7.5 


8.5 


1.5 


7 


8 
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PARAMETER MEASUREMENT INFORMATION 

_ 6V 



From Output 

Under Test 

C L = 50 pF 
(see Note A) 



500 £2 
-VW- 



500 n 



o open 
? GND 



TEST 


S1 


tPLH'tPHL 
tPLZ'tpZL 
tPHZ'tPZH 


Open 
6V 
GND 



LOAD CIRCUIT 




Input 1.5 V 



v — 
All 



VOLTAGE WAVEFORMS 
PULSE DURATION 



2.7 V 



0V 



Timing Input 



Data Input 



tsu 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



2.7 V 
OV 



2.7 V 



X 5v xSE ov 



Input 



Output 



Output 



2.7 V 
OV 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output 
Control 



Output 
Waveform 1 
S1 at 6 V 
(see Note B) 

Output 
Waveform 2 
S1 at GND 
(see Note B) 



tpzL-*| *- 



1 »PLZ -*i \t- 



tPZH~*| 



\l.5V / 

A | / yOL_+0.3V 

f~ I 



2.7 V 
OV 

3V 

vol 



--j- v VoH 



OV 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. Cl includes probe and jig capacitance. 

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

C. All input pulses are supplied by generators having the following characteristics: PRR <, 1 0 MHz, Zq «= 50 £2, t r £ 2.5 ns, tf £ 2.5 ns. 

D. The outputs are measured one at a time with one transition per measurement. 



Figure 14. Load Circuit and Voltage Waveforms 
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Members of the Texas Instruments 
SCOPE™ Family of Testability Products 
Members of the Texas Instruments 
Widebus™ Family 

State-of-the-Art 3.3-V ABT Design Supports 
Mixed-Mode Signal Operation (5-V Input 
and Output Voltages With 3.3-V V cc ) 

Support Unregulated Battery Operation 
Down to 2.7 V 

UBT™ (Universal Bus Transceiver) 
Combines D-Type Latches and D-Type 
Flip-Flops for Operation in Transparent, 
Latched, or Clocked Mode 
Bus Hold on Data Inputs Eliminates the 
Need for External Pullup Resistors 
B-Port Outputs of 'LVTH182504A Devices 
Have Equivalent Series Resistors, So 
No External Resistors Are Required 



Compatible With the IEEE Standard 
1149.1-1990 (JTAG) Test Access Port and 
Boundary-Scan Architecture 
SCOPE™ Instruction Set 

- IEEE Standard 1149.1-1990 Required 
Instructions and Optional CLAMP and 
HIGHZ 

- Parallel-Signature Analysis at Inputs 

- Pseudo-Random Pattern Generation 
From Outputs 

- Sample Inputs/Toggle Outputs 

- Binary Count From Outputs 

- Device Identification 

- Even-Parity Opcodes 

Packaged in 64-Pin Plastic Thin Quad Flat 
(PM) Packages Using 0.5-mm 
Center-to-Center Spacings and 68-Pin 
Ceramic Quad Flat (HV) Packages Using 
25-mil Center-to-Center Spacings 



description 



The 'LVTH18504A and 'LVTH182504A scan test devices with 20-bit universal bus transceivers are members 
of the Texas Instruments SCOPE™ testability integrated-circuit family. This family of devices supports IEEE 
Standard 1 1 49.1-1 990 boundary scan to facilitate testing of complex circuit-board assemblies. Scan access to 
the test circuitry is accomplished via the 4-wire test access port (TAP) interface. 

Additionally, these devices are designed specifically for low-voltage (3.3-V) Vcc operation, but with the 
capability to provide a TTL interface to a 5-V system environment. 

In the normal mode, these devices are 20-bit universal bus transceivers that combine D-type latches and D-type 
flip-flops to allow data flow in transparent, latched, or clocked modes. The test circuitry can be activated by the 
TAP to take snapshot samples of the data appearing at the device pins or to perform a self-test on the 
boundary-test cells. Activating the TAP in the normal mode does not affect the functional operation of the 
SCOPE™ universal bus transceivers. 



Data flow in e ach directio n is c ontrolled by output-enable (OEAB and OEBA), latch-enable (LEAB and LEBA), 
clock-enable (CLKENAB and CLKENBA), and clock (CLKAB and CLKBA) inputs. For A-to-B data flow, the 
device ope rates in the transparent mode when LEAB is high. When LEAB is low, the A-bus data is latched while 
CLKENAB is high and/or CLKAB is held at a static low or high logic level. Oth erwise, if LEAB is low and 
CLKENAB is low, A-bus data is stored on a low-to-high transition of CLKAB. When OEAB is low, the B outputs 
are active. When OEAB is hig h, the B outpu ts are in the high-impedance state. B-to-A data flow is similar to 
A-to-B data flow, but uses the OEBA, LEBA, CLKENBA, and CLKBA inputs. 

In the test mode, the normal operation of the SCOPE™ universal bus transceivers is inhibited, and the test 
circuitry is enabled to observe and control the I/O boundary of the device. When enabled, the test circuitry 
performs boundary-scan test operations according to the protocol described in IEEE Standard 1149.1-1990. 



SCOPE, Widebus, and UBT are trademarks of Texas Instruments Incorporated. 



unless otherwise noted this document contains production m . Copyright © 1 996, Texas Instruments Incorporated 

DATA Information currant as ol publication data. Products conform to 
specifications par tha terms of Texas Instruments standard warrant] 
Production processing does not necessarily Include testing ' 
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description (continued) 

Four dedicated test pins are used to observe and control the operation of the test circuitry: test data input (TDI), 
test data output (TDO), test mode select (TMS), and test clock (TCK). Additionally, the test circuitry performs 
other testing functions, such as parallel-signature analysis (PSA) on data inputs and pseudo-random pattern 
generation (PRPG) from data outputs. All testing and scan operations are synchronized to the TAP interface. 

Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logic level. 

The B-port outputs of 'LVTH182504A, which are designed to source or sink up to 12 mA, include 25-Q series 
resistors to reduce overshoot and undershoot. 

The SN54LVTH18504A and SN54LVTH182504A are characterized for operation over the full military 
temperature range of -55°C to 1 25°C. The SN74LVTH1 8504A and SN74LVTH1 82504A are characterized for 
operation from -40°C to 85°C. 



SN54LVTH18504A, SN54LVTH182504A . 

(TOP VIEW) 



HV PACKAGE 



CO CM t— 
< < < 



< < 

LU LU Q O O 

o jh :> z 



< 

CD 



i — ii — ii — ii — ii — ii — ii — ii — ii — ii — ii — ii — ii — ii — ii — ii — ii — i 



A4 
A5 
A6 
GND 
A7 
A8 
A9 
A10 
NC[ 

V C C 
A11 
A12[ 
A13 
GND 
A14 
A15 
A16 



[ 10 
C 11 
[ 12 
[ 13 
[ 14 
[ 15 
[ 16 

9 " 

18 

9 19 

P 20 
21 
H 22 
[ 23 
[ 24 
[ 25 
[ 26 



987654321 



67 66 65 64 63 62 61 



60 
59 

58 J] 

57 
56 

55 P 
54 
53 
52 D 
51 
50 
49 
48 
47 
46 
45 
44 



27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 

uuuuuuuuuuuuuuuuu 



3 B5 
] B6 
B7 
] GND 
B8 
B9 
] B10 

] V CC 
NC 
] B11 
] B12 
B13 
B14 
GND 
B15 
B16 
] B17 



CO O Q O 

<< 5§ 5! 



CD CO 

o 



50 o^m 



CO Q O CD CO 

< CM t- i- 

UJ g CO CO CO 

O 



NC - No internal connection 
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SN74LVTH18504A, SN74LVTH182504A . 

(TOP VIEW) 



. PM PACKAGE 



32 



Q 
Z 
< CD 



< 
CD 

o ow g 

Q O 2 -J 
I— > H- O 



< 
03 

I D 

J r- Z W W 

O CD O CD CD 



— " — " — 'f— "—ii — ii— tr— ir— ii — ii—ii—ii — ir— ir— i 



A4 
A5 
A6 
GND 
A7 
A8 
A9 
A10 

V CC 
A11 
A12 
A13 
GND 
A14 
A15 
A16 



1 

□ 2 
[3 



64 63 62 61 60 59 58 57 56 55 54 53 52 51 50 49 



□ 5 
6 
7 
8 
9 

10 
11 
12 
P13 
14 
15 
16 



17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 

uuuuuuuuuuuuuuuu 



48 ] B5 
47 ] B6 
46 ] B7 
45 ] GND 
44 ] B8 
43 1 B9 
42 ] B10 
41 ]V CC 
40 ] B11 
39 ] B12 
38 ] B13 
37 ] B14 
36 ] GND 
35 ] B15 
34 ]B16 
33 ] B17 



S CO O) Q 
< < < © 



CD CD o O ^ CD 

—I 
o 



CD O O O) CO 

«£ -T CM T- T- 

ul m m cq m 
O 



FUNCTION TABLET 
(normal mode, each register) 



INPUTS 


OUTPUT 


OEAB 


LEAB 


CLKENAB 


CLKAB 


A 


B 


L 


L 


L 


L 


X 


Bo* 


L 


L 


L 


T 


L 


L 


L 


L 


L 


T 


H 


H 


L 


L 


H 


X 


X 


B 0 * 


L 


H 


X 


X 


L 


L 


L 


H 


X 


X 


H 


H 


H 


X 


X 


X 


X 


Z 



t A-to-B data flow is shown. B-to-A data flow is similar, but uses 



OEBA, LEBA, CLKENBA, and CLKBA. 
$ Output level before the indicated steady-state input conditions were 
established 
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functional block diagram 



CLKENAB 



LEAB 



CLKAB 



OEAB 



LEBA 



CLKBA 



OEBA 



A1 



TDI 



22 



TMS 



27 



23 



vcc. 
28 ; 



CLKENBA — 5i- 



59 



55 



vcc. 
60 ; 



62 



vcc. 
24 ; 



vccj 

56 < 



Boundary-Scan Register 



^>==o 



1 of 20 Channels 



Bypass Register 



Boundary-Control 
Register 



7*1 



53 



B1 



Identification 
Register 



Instruction 
Register 



r4) 



58 



TCK ' 



26 



TAP 
Controller 



• TDO 



Pin numbers shown are for the PM package. 
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Terminal Functions 


TERMINAL NAME 


DESCRIPTION 


A 1_A0n 
A t AiU 


Normal-function A-bus I/O ports. See function table for normal-mode logic. 


B1-B20 


Normal-function B-bus I/O ports. See function table for normal-mode logic. 


CLKAB, CLKBA 


Normal-function clock inputs. See function table for normal-mode logic. 


CLKENAB, CLKENBA 


Normal-function clock enables. See function table for normal-mode logic. 


GND 


Ground 


LEAB, LEBA 


Normal-function latch enables. See function table for normal-mode logic. 


OEAB, OEBA 


Normal-function output enables. See function table for normal-mode logic. An internal pullup at each terminal forces 
the terminal to a high level if left unconnected. 


TCK 


Test clock. One of four terminals required by IEEE Standard 1149.1-1990. Test operations of the device are 
synchronous to TCK. Data is captured on the rising edge of TCK and outputs change on the falling edge of TCK. 


TDI 


Test data input. One of four terminals required by IEEE Standard 1 1 49. 1 -1 990. TDI is the serial input for shifting data 
through the instruction register or selected data register. An internal pullup forces TDI to a high level if left 
unconnected. 


TDO 


Test data output. One of four terminals required by I EEE Standard 1 1 49. 1 -1 990. TDO is the serial output for shifting 
data through the instruction register or selected data register. 


TMS 


Test mode select. One of four terminals required by IEEE Standard 1149.1-1990. TMS directs the device through 
its TAP controller states. An internal pullup forces TMS to a high level if left unconnected. 


v C c 


Supply voltage 



Texas 
Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 



7-69 



SN54LVTH18504A, SN54LVTH182504A, SN74LVTH18504A, SN74LVTH 182504 A 

3.3-V ABT SCAN TEST DEVICES 

WITH 20-BIT UNIVERSAL BUS TRANSCEIVERS 



SCBS667A - JULY 1 996 - REVISED DECEMBER 1 996 



test architecture 

Serial-test information is conveyed by means of a 4-wire test bus or TAP that conforms to IEEE Standard 
1 1 49.1-1 990. Test instructions, test data, and test control signals are passed along this serial-test bus. The TAP 
controller monitors two signals from the test bus: TCK and TMS. The TAP controller extracts the synchronization 
(TCK) and state control (TMS) signals from the test bus and generates the appropriate on-chip control signals 
for the test structures in the device. Figure 1 shows the TAP-controller state diagram. 

The TAP controller is fully synchronous to the TCK signal. Input data is captured on the rising edge of TCK and 
output data changes on the falling edge of TCK. This scheme ensures data to be captured is valid for fully 
one-half of the TCK cycle. 

The functional block diagram shows the IEEE Standard 1149.1-1990 4-wire test bus and boundary-scan 
architecture and the relationships of the test bus, the TAP controller, and the test registers. As shown, the device 
contains an 8-bit instruction register and four test data registers: a 48-bit boundary-scan register, a 3-bit 
boundary-control register, a 1-bit bypass register, and a 32-bit device-identification register. 
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TMS = L 
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> 
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Figure 1. TAP-Controller State Diagram 
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state diagram description 

The TAP controller is a synchronous finite-state machine that provides test control signals throughout the 
device. The state diagram shown in Figure 1 is in accordance with IEEE Standard 1149.1-1990. The TAP 
controller proceeds through its states, based on the level of TMS at the rising edge of TCK. 

As shown, the TAP controller consists of 1 6 states. There are six stable states (indicated by a looping arrow in 
the state diagram) and ten unstable states. A stable state is defined as a state the TAP controller can retain for 
consecutive TCK cycles. Any state that does not meet this criterion is an unstable state. 

There are two main paths through the state diagram: one to access and control the selected data register and 
one to access and control the instruction register. Only one register at a time can be accessed. 

Test-Logic-Reset 

The device powers up in the Test-Logic-Reset state. In the stable Test-Logic-Reset state, the test logic is reset 
and is disabled so that the normal logic function of the device is performed. The instruction register is reset to 
an opcode that selects the optional IDCODE instruction, if supported, or the BYPASS instruction. Certain data 
registers also can be reset to their power-up values. 

The state machine is constructed such that the TAP controller returns to the Test-Logic-Reset state in no more 
than five TCK cycles if TMS is left high. The TMS pin has an internal pullup resistor that forces it high if left 
unconnected or if a board defect causes it to be open circuited. 

For the 'LVTH1 8504A and 'LVTH1 82504A, the instruction register is reset to the binary value 1 0000001 , which 
selects the IDCODE instruction. Bits 47-46 in the boundary-scan register are reset to logic 1, ensuring that 
these cells, which control A-port and B-port outputs, are set to benign values (i.e., if test mode were invoked, 
the outputs would be at high-impedance state). Reset values of other bits in the boundary-scan register should 
be considered indeterminate. The boundary-control register is reset to the binary value 01 0, which selects the 
PSA test operation. 

Run-Test/Idle 

The TAP controller must pass through the Run-Test/Idle state (from Test-Logic-Reset) before executing any test 
operations. The Run-Test/Idle state also can be entered following data-register or instruction-register scans. 
Run-Test/Idle is a stable state in which the test logic can be actively running a test or can be idle. The test 
operations selected by the boundary-control register are performed while the TAP controller is in the 
Run-Test/Idle state. 

Select-DR-Scan, Select-IR-Scan 

No specific function is performed in the Select-DR-Scan and Select-IR-Scan states, and the TAP controller exits 
either of these states on the next TCK cycle. These states allow the selection of either data-register scan or 
instruction-register scan. 

Capture-DR 

When a data-register scan is selected, the TAP controller must pass through the Capture-DR state. In the 
Capture-DR state, the selected data register can capture a data value as specified by the current instruction. 
Such capture operations occur on the rising edge of TCK, upon which the TAP controller exits the 
Capture-DR state. 
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Shift-DR 

Upon entry to the Shift-DR state, the data register is placed in the scan path between TDI and TDO. On the first 
falling edge of TCK, TDO goes from the high-impedance state to an active state. TDO enables to the logic level 
present in the least-significant bit of the selected data register. 

While in the stable Shift-DR state, data is serially shifted through the selected data register on each TCK cycle. 
The first shift occurs on the first rising edge of TCK after entry to the Shift-DR state (i.e., no shifting occurs during 
the TCK cycle, in which the TAP controller changes from Capture-DR to Shift-DR or from Exit2-DR to Shift-DR). 
The last shift occurs on the rising edge of TCK, upon which the TAP controller exits the Shift-DR state. 

Exit1-DR, Exit2-DR 

The Exit1-DR and Exit2-DR states are temporary states that end a data-register scan. It is possible to return 
to the Shift-DR state from either Exit1-DR or Exit2-DR without recapturing the data register. On the first falling 
edge of TCK after entry to Exit1-DR, TDO goes from the active state to the high-impedance state. 

Pause-DR 

No specific function is performed in the stable Pause-DR state, in which the TAP controller can remain 
indefinitely. The Pause-DR state suspends and resumes data-register scan operations without loss of data. 

Update-DR 

If the current instruction calls for the selected data register to be updated with current data, such updates occur 
on the falling edge of TCK, following entry to the Update-DR state. 

Capture-IR 

When an instruction-register scan is selected, the TAP controller must pass through the Capture-IR state. In 
the Capture-IR state, the instruction register captures its current status value. This capture operation occurs 
on the rising edge of TCK, upon which the TAP controller exits the Capture-IR state. For the 'LVTH1 8504A and 
'LVTH182504A, the status value loaded in the Capture-IR state is the fixed binary value 1 0000001 . 

Shift-IR 

Upon entry to the Shift-IR state, the instruction register is placed in the scan path between TDI and TDO. On 
the first falling edge of TCK, TDO goes from the high-impedance state to the active state. TDO enables to the 
logic level present in the least-significant bit of the instruction register. 

While in the stable Shift-IR state, instruction data is serially shifted through the instruction register on each TCK 
cycle. The first shift occurs on the first rising edge of TCK after entry to the Shift-IR state (i.e., no shifting occurs 
during the TCK cycle in which the TAP controller changes from Capture-IR to Shift-IR or from Exit2-IR to 
Shift-IR). The last shift occurs on the rising edge of TCK, upon which the TAP controller exits the Shift-IR state. 

ExitMR, Exit2-IR 

The Exit1-IR and Exit2-IR states are temporary states that end an instruction-register scan. It is possible to 
return to the Shift-IR state from either Exit1-IR or Exit2-IR without recapturing the instruction register. On the 
first falling edge of TCK after entry to Exit1-IR, TDO goes from the active state to the high-impedance state. 

Pause-IR 

No specific function is performed in the stable Pause-IR state, in which the TAP controller can remain 
indefinitely. The Pause-IR state suspends and resumes instruction-register scan operations without loss 
of data. 

Update-IR 

The current instruction is updated and takes effect on the falling edge of TCK, following entry to the 
Update-IR state. 
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register overview 

With the exception of the bypass and device-identification registers, any test register can be thought of as a 
serial-shift register with a shadow latch on each bit. The bypass and device-identification registers differ in that 
they contain only a shift register. During the appropriate capture state (Capture-IR for instruction register, 
Capture-DR for data registers), the shift register can be parallel loaded from a source specified by the current 
instruction. During the appropriate shift state (Shift-IR or Shift-DR), the contents of the shift register are shifted 
out from TDO while new contents are shifted in at TDI. During the appropriate update state (Update-IR or 
Update-DR), the shadow latches are updated from the shift register. 

instruction register description 

The instruction register (IR) is eight bits long and tells the device what instruction is to be executed. Information 
contained in the instruction includes the mode of operation (either normal mode, in which the device performs 
its normal logic function, or test mode, in which the normal logic function is inhibited or altered), the test operation 
to be performed, which of the four data registers is to be selected for inclusion in the scan path during 
data-register scans, and the source of data to be captured into the selected data register during Capture-DR. 

Table 3 lists the instructions supported by the 'LVTH18504A and 'LVTH182504A. The even-parity feature 
specified for SCOPE™ devices is supported in this device. Bit 7 of the instruction opcode is the parity bit. Any 
instructions that are defined for SCOPE™ devices but are not supported by this device default to BYPASS. 

During Capture-IR, the IR captures the binary value 1 0000001 . As an instruction is shifted in, this value is shifted 
out via TDO and can be inspected as verification that the IR is in the scan path. During Update-IR, the value 
that has been shifted into the IR is loaded into shadow latches. At this time, the current instruction is updated 
and any specified mode change takes effect. At power up or in the Test-Logic-Reset state, the IR is reset to the 
binary value 10000001 , which selects the IDCODE instruction. The instruction register order of scan is shown 
in Figure 2. 
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Figure 2. Instruction Register Order of Scan 
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data register description 
boundary-scan register 

The boundary-scan register (BSR) is 48 bits long. It contains one boundary-scan cell (BSC) for each 
normal-function input pin and one BSC for each normal-function I/O pin (one single cell for both input data and 
output data). The BSR is used to store test data that is to be applied externally to the device output pins, and/or 
to capture data that appears internally at the outputs of the normal on-chip logic and/or externally at the device 
input pins. 

The source of data to be captured into the BSR during Capture-DR is determined by the current instruction. The 
contents of the BSR can change during Run-Test/Idle as determined by the current instruction. At power up or 
in Test-Logic-Reset, BSCs 47-46 are reset to logic 1 , ensuring that these cells, which control A-port and B-port 
outputs, are set to benign values (i.e., if test mode were invoked, the outputs would be at high-impedance state). 
Reset values of other BSCs should be considered indeterminate. 

The BSR order of scan is from TDI through bits 47-0 to TDO. Table 1 shows the BSR bits and their associated 
device pin signals. 



Table 1. Boundary-Scan Register Configuration 



BSR BIT 
NUMBER 


DEVICE 
SIGNAL 


BSR BIT 
NUMBER 


DEVICE 
SIGNAL 


BSR BIT 
NUMBER 


DEVICE 
SIGNAL 


47 


OEAB 


39 


A20-I/O 


19 


B20-I/O 


46 


OEBA 


38 


A19-I/0 


18 


B19-I/0 


45 


CLKAB 


37 


A18-I/0 


17 


B18-I/0 


44 


CLKBA 


36 


A17-I/0 


16 


B17-I/0 


43 


CLKENAB 


35 


A16-I/0 


15 


B16-I/0 


42 


CLKENBA 


34 


A15-I/0 


14 


B15-I/0 


41 


LEAB 


33 


A14-I/0 


13 


B14-I/0 


40 


LEBA 


32 


A13-I/0 


12 


B13-I/0 






31 


A12-I/0 


11 


B12-I/0 






30 


A1 1-1/0 


10 


B1 1-1/0 






29 


A10-I/O 


9 


B10-I/O 






28 


A9-I/0 


8 


B9-I/0 






27 


A8-I/0 


7 


B'8-l/O 






26 


A7-I/0 


6 


B7-I/0 






25 


A6-I/0 


5 


B6-I/0 






24 


A5-I/0 


4 


B5-I/0 






23 


A4-I/0 


3 


B4-I/0 






22 


A3-I/0 


2 


B3-I/0 






21 


A2-I/0 


1 


B2-I/0 






20 


A1-I/0 


0 


B1-I/0 
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boundary-control register 

The boundary-control register (BCR) is three bits long. The BCR is used in the context of the boundary-run 
(RUNT) instruction to implement additional test operations not included in the basic SCOPE™ instruction set. 
Such operations include PRPG, PSA, and binary count up (COUNT). Table 4 shows the test operations that 
are decoded by the BCR. 

During Capture-DR, the contents of the BCR are not changed. At power up or in Test-Logic-Reset, the BCR is 
reset to the binary value 01 0, which selects the PSA test operation. The boundary-control register order of scan 
is shown in Figure 3. 



TDI ► 



Bit 2 




Bit 1 




BItO 


(MSB) 


► 


» 


tf-SB) 



Figure 3. Boundary-Control Register Order of Scan 

bypass register 

The bypass register is a 1-bit scan path that can be selected to shorten the length of the system scan path, 
reducing the number of bits per test pattern that must be applied to complete a test operation. During 
Capture-DR, the bypass register captures a logic 0. The bypass register order of scan is shown in Figure 4. 





BItO 




► 


► 



Figure 4. Bypass Register Order of Scan 
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device-Identification register 

The device-identification register (IDR) is 32 bits long. It can be selected and read to identify the manufacturer, 
part number, and version of this device. 

For the 'LVTH18504A, the binary value 00100000000000011101000000101111 (2001 D02F, hex) is captured 
(during Capture-DR state) in the IDR to identify this device as Texas Instruments SN54/74LVTH18504A. 

For the 'LVTH1 82504A, the binary value 0001 00000000001 0001 00000001 01111 (1 002202F, hex) is captured 
(during Capture-DR state) in the IDR to identify this device as Texas Instruments SN54/74LVTH182504A. 

The IDR order of scan is from TDI through bits 31-0 to TDO. Table 2 shows the IDR bits and their significance. 



Table 2. Device-Identification Register Configuration 



IDR BIT 
NUMBER 


IDENTIFICATION 
SIGNIFICANCE - 


IDR BIT 
NUMBER 


IDENTIFICATION 
SIGNIFICANCE 


IDR BIT 
NUMBER 


IDENTIFICATION 
SIGNIFICANCE! 


31 


VERSION3 


27 


PARTNUMBER15 


11 


MANUFACTURERS 


30 


VERSION2 


26 


PARTNUMBER14 


10 


MANUFACTURER09T 


29 


VERSION1 


25 


PARTNUMBER13 


9 


MANUFACTURER08T 


28 


VERSION0 


24 


PARTNUMBER12 


8 


MANUFACTURER07T 






23 


PARTNUMBER11 


7 


MANUFACTURER06t 






22 


PARTNUMBER10 


6 


MANUFACTURER05T 






21 


PARTNUMBER09 


5 


MANUFACTURER041" 






20 


PARTNUMBER08 


4 


MANUFACTURER03t 






19 


PARTNUMBER07 


3 


MANUFACTURER02t 






18 


PARTNUMBER06 


2 


MANUFACTUREROlt 






17 


PARTNUMBER05 


1 


MANUFACTUREROOt 






16 


PARTNUMBER04 


0 


LOGIC1T 






15 


PARTNUMBER03 










14 


PARTNUMBER02 










13 


PARTNUMBER01 










12 


PARTNUMBER00 







TNote that for Tl products, bits 11-0 of the device-identification register always contain the binary value 000000101111 
(02F, hex). 
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instruction-register opcode description 

The instruction-register opcodes are shown in Table 3. The following descriptions detail the operation of 
each instruction. 



Table 3. Instruction-Register Opcodes 



BINARY CODEt 

DIT "7 v HIT A 
Dl 1 f — > Dl 1 U 

MSB -> LSB 


oourc urouut 


UcoOnlr 1 VJti 


SELECTED DATA 
REGISTER 


MUUC 


00000000 


EXTEST 


Boundary scan 


Boundary scan 


. Test 


10000001 


IDCODE 


Identification read 


Device identification 


Normal 


10000010 


SAMPLE/PRELOAD 


Sample boundary 


Boundary scan 


Normal 


00000011 


BYPASS* 


Bypass scan 


Bypass 


Normal 


10000100 


BYPASS* 


Bypass scan 


Bypass 


Normal 


00000101 


BYPASS* 


Bypass scan 


Bypass 


Normal 


00000110 


HIGHZ 


Control boundary to high impedance 


Bypass 


Modified test 


10000111 


CLAMP 


Control boundary to 1/0 


Bypass 


Test 


10001000 


BYPASS* 


Bypass scan 


Bypass 


Normal 


00001001 


RUNT 


Boundary-run test 


Bypass 


Test 


00001010 


READBN 


Boundary read 


Boundary scan 


Normal 


10001011 


READBT 


Boundary read 


Boundary scan 


Test 


00001100 


CELLTST 


Boundary self test 


Boundary scan 


Normal 


10001101 


TOPHIP 


Boundary toggle outputs 


Bypass 


Test 


10001110 


SCANCN 


Boundary-control-register scan 


Boundary control 


Normal 


00001111 


SCANCT 


Boundary-control-register scan 


Boundary control 


Test 


All others 


BYPASS 


Bypass scan 


Bypass 


Normal 



t Bit 7 is used to maintain even parity in the 8-bit instruction. 

*The BYPASS instruction is executed in lieu of a SCOPF" instruction that is not supported in the 'LVTH18504A or 'LVTH182504A. 



boundary scan 

This instruction conforms to the IEEE Standard 1149.1-1990 EXTEST instruction. The BSR is selected in the 
scan path. Data appearing at the device input and I/O pins is captured in the associated BSCs. Data that has 
been scanned into the I/O BSCs for pins in the output mode is applied to the device I/O pins. Data present at 
the device pins, except for output-enables, is passed through the BSCs to the normal on-chip logic. For I/O pins, 
the operation of a pin as input or output is determined by the contents of the output-enable BSCs (bits 47-46 
of the BSR). When a given output enable is active (logic 0), the associated I/O pins operate in the output mode. 
Otherwise, the I/O pins operate in the input mode. The device operates in the test mode. 

identification read 

This instruction conforms to the IEEE Standard 1149.1-1990 IDCODE instruction. The IDR is selected in the 
scan path. The device operates in the normal mode. 

sample boundary 

This instruction conforms to the IEEE Standard 1149.1-1990 SAMPLE/PRELOAD instruction. The BSR is 
selected in the scan path. Data appearing at the device input pins and I/O pins in the input mode is captured 
in the associated BSCs, while data appearing at the outputs of the normal on-chip logic is captured in the BSCs 
associated with I/O pins in the output mode. The device operates in the normal mode. 
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bypass scan 

This instruction conforms to the IEEE Standard 1149.1-1990 BYPASS instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. The device 
operates in the normal mode. 

control boundary to high impedance 

This instruction conforms to the IEEE Standard 11 49.1 a-1 993 HIGHZ instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. The device 
operates in a modified test mode in which all device I/O pins are placed in the high-impedance state, the device 
input pins remain operational, and the normal on-chip logic function is performed. 

control boundary to 1/0 

This instruction conforms to the IEEE Standard 11 49.1 a-1 993 CLAMP instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. Data in the I/O 
BSCs for pins in the output mode is applied to the device I/O pins. The device operates in the test mode. 

boundary-run test 

The bypass register is selected in the scan path. A logic 0 value is captured in the bypass register during 
Capture-DR. The device operates in the test mode. The test operation specified in the BCR is executed during 
Run-Test/Idle. The five test operations decoded by the BCR are: sample inputs/toggle outputs (TOPSIP), 
PRPG, PSA, simultaneous PSA and PRPG (PSA/PRPG), and simultaneous PSA and binary count up 
(PSA/COUNT). 

boundary read 

The BSR is selected in the scan path. The value in the BSR remains unchanged during Capture-DR. This 
instruction is useful for inspecting data after a PSA operation. 

boundary self test 

The BSR is selected in the scan path. All BSCs capture the inverse of their current values during Capture-DR. 
In this way, the contents of the shadow latches can be read out to verify the integrity of both shift register and 
shadow latch elements of the BSR. The device operates in the normal mode. 

boundary toggle outputs 

The bypass register is selected in the scan path. A logic 0 value is captured in the bypass register during 
Capture-DR. Data in the shift-register elements of the selected output-mode BSCs is toggled on each rising 
edge of TCK in Run-Test/Idle and is then updated in the shadow latches and applied to the associated device 
I/O pins on each falling edge of TCK in Run-Test/ldle. Data in the input-mode BSCs remains constant. Data 
appearing at the device input or I/O pins is not captured in the input-mode BSCs. The device operates in the 
test mode. 

boundary-control-register scan 

The BCR is selected in the scan path. The value in the BCR remains unchanged during Capture-DR. This 
operation must be performed before a boundary-run test operation to specify which test operation is to be 
executed. 
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boundary-control-register opcode description 

The BCR opcodes are decoded from BCR bits 2-0 as shown in Table 4. The selected test operation is performed 
while the RUNT instruction is executed in the Run-Test/Idle state. The following descriptions detail the operation 
of each BCR instruction and illustrate the associated PSA and PRPG algorithms. 



Table 4. Boundary-Control Register Opcodes 



BINARY CODE 
BIT 2 — » BIT 0 
MSB -> LSB 


DESCRIPTION 


XOO 


Sample inputs/toggle outputs (TOPSIP) 


X01 


Pseudo-random pattern generation/40-bit mode (PRPG) 


X10 


Parallel-signature analysis/40-bit mode (PSA) 


011 


Simultaneous PSA and PRPG /20-bit mode (PSA/PRPG) 


111 


Simultaneous PSA and binary count up/20-bit mode (PSA/COUNT) 



While the control input BSCs (bits 47-36) are not included in the toggle, PSA, PRPG, or COUNT algorithms, 
the output-enable BSCs (bits 47-46 of the BSR) control the drive state (active or high impedance) of the selected 
device outpu t pins. T hese BC R instructions are only valid when the device is operating in one direction of data 
flow (that is, OEAB ?t OEBA). Otherwise, the bypass instruction is operated. 

sample inputs/toggle outputs (TOPSIP) 

Data appearing at the selected device input-mode I/O pins is captured in the shift-register elements of the 
associated BSCs on each rising edge of TCK. Data in the shift-register elements of the selected output-mode 
BSCs is toggled on each rising edge of TCK, updated in the shadow latches, and applied to the associated 
device I/O pins on each falling edge of TCK. 
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pseudo-random pattern generation (PRPG) 

A pseudo-random pattern is generated in the shift-register elements of the selected BSCs on each rising edge 
of TCK, updated in the shadow latches, and applied to the associated device output-mode I/O pins on each 
falling edge of TCK. Figures 5 and 6 show the 40-bit linear-feedback shift-register algorithms through which the 
patterns are generated. An initial seed value should be scanned into the BSR before performing this operation. 
A seed value of all zeroes does not produce additional patterns. 

A20-I/O A19-I/0 A18-I/0 A17-I/0 A16-I/0 A15-I/0 A14-I/0 A13-I/0 A12-I/0 A11-I/0 



e-X> 



A10-I/O A9-I/0 



A8-I/0 A7-I/0 A6-I/0 A5-I/0 A4-I/0 A3-I/0 A2-I/0 A 1-1/0 



B20-I/O B19-I/0 B18-I/0 B17-I/0 B16-I/0 B15-I/0 B 14-1/0 B1 3-1/0 B1 2-1/0 B1 1-1/0 



B10-I/O B9-I/0 B8-I/0 B7-I/0 B6-I/0 B5-I/0 B4-I/0 B3-I/0 B2-I/0 B 1-1/0 



Figure 5. 40-Bit PRPG Configuration (OEAB = 0, OEBA = 1) 
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B20-I/O B19-I/0 B1 8-1/0 B1 7-1/0 B1 6-1/0 B 15-1/0 B 14-1/0 B13-I/0 B 12-1/0 B11-I/0 



B8-I/0 B7-I/0 B6-I/0 B5-I/0 B4-I/0 B3-I/0 B2-I/0 B1-I/0 




A20-I/O A19-I/0 A18-I/0 A17-I/0 A16-1/0 A15-I/0 A14-I/0 A13-I/0 A12-I/0 A11-I/0 



©■!> 



T 



A10-I/O A9-I/0 A8-I/0 A7-I/0 A6-I/0 A5-I/0 A4-I/0 A3-I/0 A2-I/0 A1-I/0 



Figure 6. 40-Bit PRPG Configuration (OEAB = 1, OEBA = 0) 
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parallel-signature analysis (PSA) 

Data appearing at the selected device input-mode I/O pins is compressed into a 40-bit parallel signature in the 
shift-register elements of the selected BSCs on each rising edge of TCK. Data in the shadow latches of the 
selected output-mode BSCs remains constant and is applied to the associated device I/O pins. Figures 7 and 8 
show the 40-bit linear-feedback shift-register algorithms through which the signature is generated. An initial 
seed value should be scanned into the BSR before performing this operation. 
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B20-I/O B19-I/0 B18-I/0 B17-I/0 B16-I/0 B15-I/0 B14-I/0 B 13-1/0 B1 2-1/0 B1 1-1/0 



B10-I/O B9-I/0 B8-I/0 B7-I/0 B6-I/0 B5-I/0 B4-I/0 B3-I/0 B2-I/0 B1-I/0 



Figure 7. 40-Bit PSA Configuration (OEAB = 0, OEBA = 1) 
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B20-I/O B19-I/0 B18-I/0 B17-I/0 B16-I/0 B15-I/0 B 14-1/0 B1 3-1/0 B1 2-1/0 B1 1-1/0 
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A20-I/O A19-I/0 A18-I/0 A17-I/0 A16-I/0 A15-I/0 A14-I/0 A13-I/0 A12-I/0 A11-I/0 



A10-I/O A9-1/0 A8-I/0 A7-I/0 A6-I/0 A5-I/0 A4-I/0 A3-I/0 A2-I/0 A1-I/0 



Figure 8. 40-Bit PSA Configuration (OEAB = 1, OEBA - 0) 
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simultaneous PSA and PRPG (PSA/PRPG) 

Data appearing at the selected device input-mode I/O pins is compressed into a 20-bit parallel signature in the 
shift-register elements of the selected input-mode BSCs on each rising edge of TCK. At the same time, a 20-bit 
pseudo-random pattern is generated in the shift-register elements of the selected output-mode BSCs on each 
rising edge of TCK, updated in the shadow latches, and applied to the associated device I/O pins on each falling 
edge of TCK. Figures 9 and 1 0 show the 20-bit linear-feedback shift-register algorithms through which the 
signature and patterns are generated. An initial seed value should be scanned into the BSR before performing 
this operation. A seed value of all zeroes does not produce additional patterns. 
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Liililllli 



.©—©_+© 



©LJSj-J© 



© 



© 



© 



^©ugj 



©- 



B20-I/O B19-I/0 B18-I/0 B17-I/0 B 16-1/0 B1 5-1/0 B1 4-1/0 B1 3-1/0 B1 2-1/0 B1 1-1/0 
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r T T T T 



B10-I/O B9-I/0 B8-I/0 B7-I/0 B6-I/0 B5-I/0 B4-I/0 B3-I/0 B2-I/0 B 1-1/0 



Figure 9. 20-Bit PSA/PRPG Configuration (OEAB = 0, OEBA = 1) 



Texas 
Instruments 

7-84 POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 



SN54LVTH18504A, SN54LVTH182504A, SN74LVTH18504A, SN74LVTH 182504 A 

3.3-V ABT SCAN TEST DEVICES 
WITH 20-BIT UNIVERSAL BUS TRANSCEIVERS 



SCBS667A- JULY 1996- REVISED DECEMBER 1996 
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A20-I/O A19-I/0 A18-I/0 



A17-I/0 A16-I/0 A15-I/0 A14-I/0 A13-I/0 A12-I/0 A11-I/0 



rTTTTTTl 
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A10-I/O A9-I/0 A8-I/0 A7-I/0 A6-I/0 A5-I/0 A4-I/0 A3-I/0 A2-I/0 A 1-1/0 



Figure 10. 20-Bit PSA/PRPG Configuration (OEAB = 1, OEBA = 0) 
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simultaneous PSA and binary count up (PSA/COUNT) 

Data appearing at the selected device input-mode I/O pins is compressed into a 20-bit parallel signature in the 
shift-register elements of the selected input-mode BSCs on each rising edge of TCK. At the same time, a 20-bit 
binary count-up pattern is generated in the shift-register elements of the selected output-mode BSCs on each 
rising edge of TCK, updated in the shadow latches, and applied to the associated device I/O pins on each falling 
edge of TCK. Figures 11 and 12 show the 20-bit linear-feedback shift-register algorithms through which the 
signature is generated. An initial seed value should be scanned into the BSR before performing this operation. 
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B20-I/O B19-I/0 B18-I/0 B 17- I/O B16-I/0 B 15- I/O B14-I/0 B 13-1/0 B1 2-1/0 B11-I/0 
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gggggggggg 

B10-I/O B9-I/0 B8-I/0 B7-1/0 B6-I/0 B5-I/0 B4-I/0 B3-I/0 B2-I/0 B 1-1/0 



Figure 11. 20-Bit PSA/COUNT Configuration (OEAB = 0, OEBA = 1) 
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Figure 12. 20-Bit PSA/COUNT Configuration (OEAB = 1, OEBA = 0) 
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timing description 

All test operations of the 'LVTH1 8504A and 'LVTH1 82504A are synchronous to the TCK signal. Data on the TDI , 
TMS, and normal-function inputs is captured on the rising edge of TCK. Data appears on the TDO and 
normal-function output pins on the falling edge of TCK. The TAP controller is advanced through its states (as 
shown in Figure 1) by changing the value of TMS on the falling edge of TCK and then applying a rising edge 
to TCK. 

A simple timing example is shown in Figure 13. In this example, the TAP controller begins in the 
Test-Logic-Reset state and is advanced through its states to perform one instruction-register scan and one 
data-register scan. While in the Shift-IR and Shift-DR states, TDI is used to input serial data, and TDO is used 
to output serial data. The TAP controller is then returned to the Test-Logic-Reset state. Table 5 details the 
operation of the test circuitry during each TCK cycle. 



Table 5. Explanation of Timing Example 



TCK 
CYCLE(S) 


TAP STATE 
AFTER TCK 


DESCRIPTION 


•j 




TMS is changed to a logic 0 value on the falling edge of TCK to begin advancing the TAP controller toward 
the desired state. 


2 


Run-Test/Idle 




3 


Select-DR-Scan 




4 


Select-IR-Scan 




5 


Capture-IR 


The I R captures the 8-bit binary value 1 0000001 on the rising edge of TCK as the TAP controller exits the 
Capture-IR state. 


6 


Shift-IR 


TDO becomes active and TDI is made valid on the falling edge of TCK. The first bit is shifted into the TAP 
on the rising edge of TCK as the TAP controller advances to the next state. 


7-13 


Shift-IR 


One bit is shifted into the IR on each TCK rising edge. With TDI held at a logic 1 value, the 8-bit binary value 
1 1 1 1 1 1 1 1 is serially scanned into the I R. At the same time, the 8-bit binary value 1 0000001 is serially scanned 
out of the I R via TDO. I n TCK cycle 1 3, TMS is changed to a logic 1 value to end the instruction register scan 
on the next TCK cycle. The last bit of the instruction is shifted as the TAP controller advances from Shift-IR 
to Exitl-IR. 


14 


ExitMR 


TDO becomes inactive (goes to the high-impedance state) on the falling edge of TCK. 


15 


Update-IR 


The IR is updated with the new instruction (BYPASS) on the falling edge of TCK. 


16 


Select-DR-Scan 




17 


Capture-DR 


The bypass register captures a logic 0 value on the rising edge of TCK as the TAP controller exits the 
Capture-DR state. 


18 


Shift-DR 


TDO becomes active and TDI is made valid on the falling edge of TCK. The first bit is shifted into the TAP 
on the rising edge of TCK as the TAP controller advances to the next state. 


19-20 


Shift-DR 


The binary value 101 is shifted in via TDI, while the binary value 010 is shifted out via TDO. 


21 


Exit1-DR 


TDO becomes inactive (goes to the high-impedance state) on the falling edge of TCK. 


22 


Update-DR 


In general, the selected data register is updated with the new data on the falling edge of TCK. 


23 


Select-DR-Scan 




24 


Select-IR-Scan 




25 


Test-Logic-Reset 


Test operation completed. 
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Figure 13. Timing Example 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, Vcc -0-5 V to 4.6 V 

Input voltage range, V| (see Note 1) -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq (see Note 1 ) — -0.5 V to 7 V 

Current into any output in the low state, lo: SN54LVTH1 8504A 96 m A 

SN54LVTH182504A(AportorTDO) 96 mA 

SN54LVTH182504A(Bport) 30 mA 

SN74LVTH18504A 128 mA 

SN74LVTH182504A(AportorTDO) 128 mA 

SN74LVTH182504A(Bport) 30 mA 

Current into any output in the high state, lo (see Note 2): SN54LVTH18504A 48 mA 

SN54LVTH182504A(AportorTDO) .... 48mA 

SN54LVTH182504A(Bport) 30 mA 

SN74LVTH18504A 64 mA 

SN74LVTH182504A(AportorTDO) .... 64mA 

SN74LVTH182504A(Bport) 30 mA 

Input clamp current, l|« (V| < 0) -50 mA 

Output clamp current, Iqk ( v O < °) -5 ° mA 

Maximum power dissipation at = 55°C (in still air) (see Note 3): PM package 1 W 

Storage temperature range, T stg -65°C to 1 50°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. The input and output negative-voltage ratings can be exceeded if the input and output clamp-current ratings are observed. 

2. This current only flows when the output is in the high state and Vq > Vqc- 

3. The maximum package power dissipation is calculated using a junction temperature of 150°C and a board trace length of 75 mils. 
For more information, refertothe Package Thermal Considerations application note in the ABT Advanced BiCMOS Technology Data 
Book, literature number SCBD002. 
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recommended operating conditions 









SN54LVTH18504A 


SN74LVTH18504A 


UNIT 








MIN 


MAX 


MIN 


MAX 


V CC 


Supply V0lt3Q6 




2.7 


3.6 


2.7 


3.6 


V 


V|H 


High-level input voltage 




2 




2 


V 


V|L 


Low-level input voltage 




^0.8 


0.8 


V 


V| 


Input voltage 




Jgf 5.5 


5.5 


V 


'OH 


High-level output current 






-24 


-32 


mA 


lOL 


Low-level output current 




J? 24 


32 


mA 


iol t 


Low-level output current 






48 


64 


mA 


At/Av 


Input transition rise or fall rate 


Outputs enabled 




10 


10 


ns/V 


T A 


Operating free-air temperature 




-55 


125 


-40 


85 


°C 



t Current duty cycle < 50%, f s 1 kHz 



PRODUCT PREVIEW Information concerns products In the lormatlve or 
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change or discontinue these products without notice. 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


SN54LVTH18504A 


SN74LVTH18504A 


UNIT 


MIN TYPt MAX 


MIN TYPt MAX 


V|K 


Vcc = 2.7V, l|=-18mA 


-1.2 


-1.2 


V 


VOH 


Vcc = MINtoMAXt, Ioh=-100hA 


Vcc-0.2 


VCC-0.2 


V 


V C C = 2.7V, l 0 H=-3mA 


2.4 


2.4 


V C C = 3V 


lOH = -8 mA 


2.4 


2.4 


'OH = - 24 mA 


2 




lOH = "32 mA 




2 


vol 


V C C = 2.7 V 


IOL= 100 nA 


0.2 


0.2 


V 


lOL = 24 mA 


0.5 


0.5 


V C C = 3 V 


lOL = 16 mA 


0.4 


0.4 


lOL = 32 mA 


0.5 


0.5 


lOL = 48 mA 


0.55 




Iql = 64 mA 




0.55 


i| 


CLK, 
CLKEN, 
LE, TCK 


Vqc = 3.6 V, V| = Vcc or GND 


±1 


±1 


U.A 


Vqc = 0 or MAX*, V| = 5.5 V 




10 


OE, TDI, 
TMS 


V C C = 3-6 V 


V| = 5.5 V 


5 


5 


V| = V CC 


1 


1 


V| = 0 


-25 -100 


-25 -100 


AorB 
ports§ 


Vcc = 3.6 V 


V| = 5.5 V 


20 


20 


V| = V CC 


<*? 1 


1 


V| = 0 


^ - -5 


-5 


'off 


Vcc = 0. V| or Vq = 0 to 4.5 V 




±100 


HA 


'l(hold) 11 


AorB 
ports 


V C C = 3V 


V| = 0.8 V 


75 500 


75 150 500 


|iA 


V| = 2V 


-75 -500 


-75 -150 -500 


'OZH 


TDO 


Vcc = 3.6 V, Vo = 3 V 


1 


1 


HA 


>OZL 


TDO 


Vcc - 3.6 V, Vo = 0.5 V 


-1 


-1 


(iA 


'OZPU 


TDO 


Vcc = 0to1.5V, VQ = 0.5Vor3V 


±50 


±50 


\iA 


>OZPD 


TDO 


Vcc = 1-5VtoO, V o = 0.5Vor3V 


±50 


+50 


HA 


>CC 


Vcc = 3.6 V, 

io = o, 

V| = Vcc ° r G ND 


Outputs high 


0.6 2 


0.6 2 


mA 


Outputs low 


19.5 27 


19.5 27 


Outputs disabled 


0.6 2 


0.6 2 


Alcc # 


Vcc - 3 V to 3.6 V, One input at Vcc - 0-6 V, 
Other inputs at Vcc or G ND 


0.5 


0.5 


mA 


Cj 


V| = 3 V or 0 


4 


4 


PF 


Cj 0 


Vq = 3 V or 0 


10 


10 


pF 


Co 


Vq = 3 V or 0 


8 


8 





t All typical values are at Vcc = 3.3 V, Ta = 25°C 

+" For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
§ Unused pins at Vcc or GND 

H The parameter l|(hold) includes the off-state output leakage current. 

# This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 
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timing requirements over recommended operating free-air temperature range (unless otherwise 
noted) (normal mode) (see Figure 14) 





SN54LVTH18504A 


SN74LVTH1 8504A 


UNIT 


V C C = 3.3 V 
+ 0.3V 


Vcc = 2.7 V 


V C C = 3.3 V 
±0.3V 


Ham. _ O "7 M 

Vcc = " 


MIN MAX 


MIN MAX 


MIN MAX 


MIN MAX 


fclock Clock frequency 


CLKAB or CLKBA 


0 100 


0 80 


0 100 


0 80 


MHz 


t w Pulse duration 


CLKAB or CLKBA high or low 


4.4 


5.6 


4.4 


5.6 


ns 


LEAB or LEBA high 


3 





3 


3 


t su Setup time 


A before CLKAB? or 
B before CLKBAT 


2.4 


M 


2.4 


2.8 


ns 


A before LEABl or 
B before LEBAl 


CLK high 


1.5 


>f 0.7 


1.5 


0.7 


CLK low 


1 -6 £ 


* 1.6 


1.6 


1.6 


CLKEN before CLKT 


2.8 <f 

■TV 


3.4 


2.8 


3.4 


t n Hold time 


AafterCLKABt 


<F — 


0.8 


1 


0.8 


ns 


B after CLKBAt 


1.4 


1.1 


1.4 


1.1 


A after LEABJ. or B after LEBAi 


3.1 


3.5 


3.1 


3.5 


CLKEN after CLKT 


0.7 


0.2 


0.7 


0.2 



timing requirements over recommended operating free-air temperature range (unless otherwise 
noted) (test mode) (see Figure 14) 





SN54LVTH18504A 


SN74LVTH18504A 


UNIT 


V C C = 3.3 V 
±0.3V 


Vcc = 2.7 V 


Vcc = 3.3 V 
±0.3V 


V C C = 2.7 V 


MIN MAX 


MIN MAX 


MIN MAX 


MIN MAX 


'clock Clock frequency 


TCK 


0 50 


0 40 


0 50 


0 40 


MHz 


t w Pulse duration 


TCK high or low 


9.5 


10.5 


9.5 


10.5 


ns 


t su Setup time 


A, B, CLK, CLKEN, LE, or OE 
before TCKT 


6.5 


# 




6.5 


7 


ns 


TDI before TCKT 


2.5 




2.5 


3.5 


TMS before TCKT 


2.5 A 


* 3.5 


2.5 


3.5 


t n Hold time 


A, B, CLK, CLKEN, LE, or OE 
after TCKT 


" / 


1 


1.5 


1 


ns 


TDI after TCKT 


1.5 & 


1 


1.5 


1 


TMS after TCKT 


1.5 


1 


1.5 


1 


td Delay time 


Power up to TCKT 


50 


50 


50 


50 


ns 


t r Rise time 


Vcc power up 


1 


1 


1 


1 


us 
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switching characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (normal mode) (see Figure 14) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


SN54LVTH18504A 


SN74LVTH18504A 


UNIT 


V CC = 3.3V 
±0.3 V 


V CC = 2.7 V 


V C C = 3.3 V 
±0.3 V 


V CC = 2.7 V 


MIN MAX 


MIN MAX 


MIN MAX 


MIN MAX 


'max 


CLKAB or CLKBA 




100 


80 


100 


80 


MHz 


tPLH 


AorB 


BorA 


1.5 5.4 


5.8 


1.5 5.1 


5.6 


ns 


tPHL 


1.5 5.4 




1.5 5.1 


5.6 


tPLH 


CLKAB 


B 


1.5 6.9 


M 7.8 


1.5 5.8 


6.8 


ns 


tPHL 


1.5 6.9 




1.5 5.8 


6.8 


tPLH 


CLKBA 


A 


1.5 6.9, 


€ 7.8 


1.5 6.4 


7.4 


ns 


tPHL 


1.5 6.& 


7.8 


1.5 6.4 


7.4 


tPLH 


LEAB or LEBA 


B or A 


2 £ 


9.5 


2 8.1 


8.8 


ns 


tPHL 


2 #7.1 


7.4 


2 6.7 


7.1 


tPZH 




BorA 


2 9.5 


10.5 


2 9.1 


10 


ns 


tPZL 


OEAB orOEBA 


2 10 


10.8 


2 9.6 


10.4 


tPHZ 




B or A 


2.5 12 


12.7 


2.5 10.4 


11.2 


ns 


tPLZ 


OEAB or OEBA 


2.5 9.6 


9.9 


2.5 9.1 


9.5 



switching characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (test mode) (see Figure 14) 









SN54LVTH18504A 


SN74LVTH18504A 




PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


Vcc = 3.3 V 
±0.3V 


Vcc = 2.7 V 


V C C = 3.3 V 
±0.3V 


v C c = 


2.7 V 


UNIT 








MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 




'max 


TCK 




50 


40 


50 


40 


MHz 


tPLH 


TCKi 


A orB 


2.5 


15 


18 


2.5 


14 


17 


ns 


tPHL 


2.5 


15 


. 18 


2.5 


14 


17 


tPLH 


TCKi 


TDO 


1 


6 




■7 


1 


5.5 


6.5 


ns 


tPHL 


1.5 


7 




8 


1.5 


6.5 


7.5 


tPZH 


TCKi 


AorB 


4 


18, 


t 21 


4 


17 


20 


ns 


tPZL 


4 


t& 


21 


4 


17 


20 


tPZH 


TCKJ- 


TDO 


1 4* 


7 


1 


5.5 


6.5 


ns 


tPZL 


1.5 


4* 6 


7 


1.5 


5.5 


6.5 


tPHZ 


TCKI 


AorB 


4 


19 


21 


4 


18 


20 


ns 


tPLZ 


4 


18 


19.5 


4 


17 


18.5 


tPHZ 


TCKi 


TDO 


1.5 


7.5 


9 


1.5 


7 


8.5 


ns 


tPLZ 


1.5 


7.5 


8.5 


1.5 


7 


8 
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recommended operating conditions 









SN54LVTH182504A 


SN74LVTH182504A 


UNIT 








MIN 


MAX 


MIN 


MAX 


vcc 


Supply voltage 




2.7 


3.6 


2.7 


3.6 


V 


V|H 


High-level input voltage 




2 


2 


V 


V|L 


Low-level input voltage 






0.8 


V 


V| 


Input voltage 




^5.5 


5.5 


V 


>OH 


High-level output current 


A port, TDO 


& "24 


-32 


mA 


Bport 


A* 


-12 


-12 


lOL 


Low-level output current 


A port, TDO 


^ 24 


32 


mA 


Bport 


;9 


12 


IOL T 


Low-level output current 


A port, TDO 




H 48 


64 


mA 


At/Av 


Input transition rise or fall rate 


Outputs enabled 


10 


10 


ns/V 


TA 


Operating free-air temperature 




-55 


125 


-40 


85 


°C 



t Current duty cycle <, 50%, f s 1 kHz 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 




SN74LVTH1 R2504A 


UNIT 


MIN TYPt MAY 

III 1 1 1 1 1 ~ 1 IY1MA 


MIN TYPt MAY 


V|K 


Vcc = 2.7 V, l| = -18mA 


—1 2 


_1 9 


V 


VOH 


A, B, TDO 


Vcc-MINtoMAX*. Ioh=-100hA 






V 


A port, 
TDO 


V C C = 2.7V, l 0 H = -3mA 


9 A 


9 A 


V C C = 3V 


lOH = -8 mA 


9 A 


9 A 


'OH = ~24 mA 


o 




Iqh - -32 mA 




2 


Bport 


V C C = 3V, l 0 H = -12mA 


2 


2 


vol 


A, B, TDO 


Vcc = 2.7V, Iol = 100hA 


0.2 


0.2 


V 


TDO ' 


Vcc = 2.7 V, IQL = 24 mA 


0.5 


0.5 


V C C = 3 V 


IOL= 16 mA 


0.4 


0.4 


lOL = 32 mA 


0.5 


0.5 


lOL = 48 mA 


0.55 




Iql = 64 mA 




0.55 


Bport 


Vcc = 3V. loL=12mA 


0.8 


0.8 


ii 


CLK, 
CLKEN, 
LE, TCK 


Vcc = 3.6 V, V| = Vcc or GND 




±1 


HA 


Vcc - 0 or MAX*, V| = 5.5 V 


# 10 


10 


OE, 
TDI, 
TMS 


V C C = 3.6 V 


V| = 5.5 V 




5 


V| = V CC 


€» 1 


■\ 


V| = 0 


-25^ -1 00 


-25 -100 


AorB 
ports§ 


V C C = 3.6 V 


V| = 5.5 V 


siz* 20 


20 


V| = V CC 




-) 


V| = 0 


-5 


-5 


'off 


Vcc = 0, V|orVo = 0to4.5V 




±100 


iiA 


'l(hold) 11 


AorB 
ports 


V C C = 3V 


V| = 0.8 V 


75 500 


75 150 500 


HA 


V|=2V 


-75 -500 


-75 -150 -500 


'OZH 


TDO 


Vcc = 3.6 V, Vo = 3 V 


1 


1 


HA 


'OZL 


TDO 


Vcc = 3.6 V. Vo = 0.5 V 


-1 


-1 


HA 


>OZPU 


TDO 


V C c = 0to1.5V, V 0 = 0.5Vor3V 


±50 


±50 


^A 


'OZPD 


TDO 


Vcc = 1-5 V toO, Vo = 0.5Vor3V 


±50 


±50 


HA 


'cc 


V C C - 3.6 V, 

io = o, 

V| = Vcc or GND 


Outputs high 


0.6 2 


0.6 2 


mA 


Outputs low 


19.5 27 


19.5 27 


Outputs disabled 


0.6 2 


0.6 2 


Alcc # 


Vcc = 3 V to 3.6 V, One input at Vcc ~ °- 6 V, 
Other inputs at Vcc or GND 


0.5 


0.5 


mA 


Q 


V| = 3 V or 0 


4 


4 


PF 


Cj 0 


Vo = 3 V or 0 


10 


10 


PF 


Co 


Vq = 3 V or 0 


8 


8 


PF 



t All typical values are at Vcc = 3 -3 V, Ta = 25°C. 

$ For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
§ Unused pins at Vcc or G ND 

H The parameter >|(hold) includes the off-state output leakage current. 

# This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc ° r G ND - 
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timing requirements over recommended operating free-air temperature range (unless otherwise 
noted) (normal mode) (see Figure 14) 





SN54LVTH182504A 


SN74LVTH182504A 


UNIT 


V C C = 3.3 V 
±0.3V 


V C C = 2.7 V 


V C C = 3.3 V 
±0.3V 


V C C = 2.7 V 


MIN MAX 


MIN MAX 


MIN MAX 


MIN MAX 


fclock Clock frequency 


CLKAB or CLKBA 


0 100 


0 80 


0 100 


0 80 


MHz 


t w Pulse duration 


CLKAB or CLKBA high or low 


4.4 


5.6 


4.4 


5.6 


ns 


LEAB or LEBA high 


3 




3 


3 


t su Setup time 


A before CLKABt or 
B before CLKBA? 


2.8 




2.8 


3 


ns 


A before LEABi or 
B before LEBAi 


CLK high 


1-5 a 


4 0.7 


1.5 


0.7 


CLK low 


1.6 ^ 


1.6 


1.6 


1.6 


CLKEN before CLKT 


2-8 jry 


3.4 


2.8 


3.4 


t n Hold time 


A after CLKABt or 
B after CLKBA? 


1.4 H 


1.1 


1.4 


1.1 


ns 


A after LEABl or B after LEBAl 


3.1 


3.5 


3.1 


3.5 


CLKEN after CLK? 


0.7 


0.2 


0.7 


0.2 



timing requirements over recommended operating free-air temperature range (unless otherwise 
noted) (test mode) (see Figure 14) 





SN54LVTH182504A 


SN74LVTH182504A 


UNIT 


V C C = 3.3V 
±0.3V 


V C C = 2.7V 


V C C = 3.3 V 
±0.3V 


Vqc = 2.7 V 


MIN MAX 


MIN MAX 


MIN MAX 


MIN MAX 


'clock Clock frequency 


TCK 


0 50 


0 40 


0 50 


0 40 


MHz 


t w Pulse duration 


TCK high or low 


9.5 


10.5 


9.5 


10.5 


ns 


t su Setup time 


A, B, CLK, CLKEN, LE, or OE 
before TCK? 


6.5 




6.5 


7 


ns 


TDI before TCK? 


2.5 


^3.5 


2.5 


3.5 


TMS before TCK? 


2.5 A 


4 3.5 


2.5 


3.5 


th Hold time 


A, B, CLK, CLKEN, LE, or OE 
after TCK? 


rv 


1 


1.5 


1 


ns 


TDI after TCK? 


1-5 # 


1 


1.5 


1 


TMS after TCK? 


1.5 


1 


1.5 


1 


td Delay time 


Power up to TCK? 


50 


50 


50 


50 


ns 


t r Rise time 


V"cc power up 


1 


1 


1 


1 


US 
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switching characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (normal mode) (see Figure 14) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


SN54LVTH182504A 


SN74LVTH182504A 


UNIT 


V CC = 3.3 V 
+ 0.3 V 


V C C = 2.7 V 


V C C = 3.3 V 
+ 0.3 V 


V C C = 2.7V 


MIM MAY 
MIN MAA 


MIM MAY 
MIPI IY1M A 


MIM MAY 
[Villi MAA 


MIM MAY 


'max 


CLKAB or CLKBA 




inn 

IUU 




IUU 


OU 


MHz 


tPLH 


A 


B 


1.0 0.4 


ft Q 
0.9 


1 ft C Q 

l.O 0.9 


ft ft 
D.O 


ns 


tPHL 


1.0 0.4 


a q 

0.9 


1 ft CO 
1 .0 0.9 


R R 
0.0 


tPLH 


B 


A 


1 .5 5.4 


O.o 


1 ft C 1 
1.0 0.1 


0.0 


ns 


*PHL 


1 ft. c / 
I.O O.H 


O.O 


15 5.1 


5 6 


tPLH 


CLKAB 


B 


1 .5 6.9 




•IK ft 7 
1.0 0./ 


7 7 
1 .1 


ns 


tPHL 


1.5 6.9 


7.8 


1.5 6.7 


7.7 


tpLH 


CLKBA 


A 


1.5 6.9. 


f 7.8 


1.5 6.4 


7.4 


ns 


tPHL 


1.5 B$ 


7.8 


1.5 6.4 


7.4 


tPLH 


LEAB 


B 


2 0 


9.5 


2 8.2 


9.2 


ns 


tPHL 


2 iSi 


7.4 


2 6.7 


7.1 


tPLH 


LEBA 


A 


2 8.7 


9.5 


2 8.1 


8.8 


ns 


tPHL 


2 7.1 


7.4 


2 6.7 


7.1 


tPZH 




BorA 


2 9.9 


11.1 


2 9.5 


10.6 


ns 


tPZL 


OEAB or OEBA 


2 10.2 


11 


2 9.7 


10.5 


tPHZ 




B or A 


2.5 12 


12.7 


2.5 11.1 


11.8 


ns 


tPLZ 


OEAB or OEBA 


2.5 11 


11.2 


2.5 9.8 


10 



switching characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (test mode) (see Figure 14) 









SN54LVTH182504A 


SN74LVTH182504A 




PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V C C = 3.3 V 
±0.3V 


vcc = 


2.7 V 


V C C = 3.3 V 
±0.3V 


V CC = 


2.7 V 


UNIT 








MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 




'max 


TCK 




50 


40 


50 


40 


MHz 


tPLH 


TCKi 


AorB 


2.5 


15 


18 


2.5 


14 


17 


ns 


tPHL 


2.5 


15 


18 


2.5 


14 


17 


tPLH 


TCK4- 


TDO 


1 


6 




7 


1 


5.5 


6.5 


ns 


tPHL 


1.5 


7 




8 


1.5 


6.5 


7.5 


tPZH 


TCK4- 


AorB 


4 


18 




21 


4 


17 


20 


ns 


tPZL 






21 


4 


17 


20 


tPZH 


TCKi 


TDO 


1 


i¥ 


7 


1 5.5 


6.5 


ns 


tPZL 


1.5 


#6 


7 


1.5 


5.5 


6.5 


tPHZ 


TCK-L 


AorB 


4 


<*" 19 


21 


4 


18 


20 


ns 


tPLZ 


4 


18 


19.5 


4 


17 


18.5 


tPHZ 


TCK4- 


TDO 


1.5 


7.5 


9 


1.5 


7 


8.5 


ns 


tPLZ 


1.5 


7.5 


8.5 


1.5 


7 


8 
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NOTES: A. C|_ includes probe and jig capacitance. 

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

C. All input pulses are supplied by generators having the following characteristics: PRR < 1 0 MHz, Zq = 50 Q, t r < 2.5 ns, tf S 2.5 ns. 

D. The outputs are measured one at a time with one transition per measurement. 



Figure 14. Load Circuit and Voltage Waveforms 
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Members of the Texas Instruments 
SCOPE™ Family of Testability Products 

Members of the Texas Instruments 
Widebus™ Family 

State-of-the-Art 3.3-V ABT Design Supports 
Mixed-Mode Signal Operation (5-V Input 
and Output Voltages With 3.3-V V cc ) 

Support Unregulated Battery Operation 
Down to 2.7 V 

Include D-Type Flip-Flops and Control 
Circuitry to Provide Multiplexed 
Transmission of Stored and Real-Time Data 

Bus Hold on Data Inputs Eliminates the 
Need for External Pullup Resistors 

B-Port Outputs of 'LVTH182646A Devices 
Have Equivalent 25-Q Series Resistors, So 
No External Resistors Are Required 



Compatible With the IEEE Standard 
1149.1-1990 (JTAG) Test Access Port and 
Boundary-Scan Architecture 

SCOPE™ Instruction Set 

- IEEE Standard 1149.1-1990 Required 
Instructions and Optional CLAMP and 
HIGHZ 

- Parallel-Signature Analysis at Inputs 

- Pseudo-Random Pattern Generation 
From Outputs 

- Sample Inputs/Toggle Outputs 

- Binary Count From Outputs 

- Device Identification 

- Even-Parity Opcodes 

Packaged in 64-Pin Plastic Thin Quad Flat 
(PM) Packages Using 0.5-mm 
Center-to-Center Spacings and 68-Pin 
Ceramic Quad Flat (HV) Packages Using 
25-mil Center-to-Center Spacings 



description 



The 'LVTH18646A and 'LVTH182646A scan test devices with 18-bit bus transceivers and registers are 
members of the Texas Instruments SCOPE™ testability integrated-circuit family. This family of devices supports 
IEEE Standard 1149.1-1990 boundary scan to facilitate testing of complex circuit-board assemblies. Scan 
access to the test circuitry is accomplished via the 4-wire test access port (TAP) interface. 

Additionally, these devices are designed specifically for low-voltage (3.3-V) Vcc operation, but with the 
capability to provide a TTL interface to a 5-V system environment. 

In the normal mode, these devices are 18-bit bus transceivers and registers that allow for multiplexed 
transmission of data directly from the input bus or from the internal registers. They can be used either as two 
9-bit transceivers or one 1 8-bit transceiver. The test circuitry can be activated by the TAP to take snapshot 
samples of the data appearing at the device pins or to perform a self test on the boundary-test cells. Activating 
the TAP in the normal mode does not affect the functional operation of the SCOPE™ bus transceivers and 
registers. 

Transceiver function is controlled by output-enable (OE) and direction (DIR) inputs. When OE is low, the 
transceiver is _active and operates in the A-to-B direction when DIR is high or in the B-to-A direction when DIR 
is low. When OE is high, both the A and B outputs are in the high-impedance state, effectively isolating both 
buses. 

Data flow is controlled by clock (CLKAB and CLKBA) and select (SAB and SBA) inputs. Data on the A bus is 
clocked into the associated registers on the low-to-high transition of CLKAB. When SAB is low, real-time A data 
is selected for presentation to the B bus (transparent mode). When SAB is high, stored A data is selected for 
presentation to the B bus (registered mode). The function of the CLKBA and SBA inputs mirrors that of CLKAB 
and SAB, respectively. Figure 1 shows the four fundamental bus-management functions that can be performed 
with the 'LVTH18646A and 'LVTH182646A. 



SCOPE and Widebus are trademarks of Texas Instruments Incori 
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description (continued) 

In the test mode, the normal operation of the SCOPE™ bus transceivers and registers is inhibited, and the test 
circuitry is enabled to observe and control the I/O boundary of the device. When enabled, the test circuitry 
performs boundary-scan test operations according to the protocol described in IEEE Standard 1149.1-1990. 

Four dedicated test pins are used to observe and control the operation of the test circuitry: test data input (TDI), 
test data output (TDO), test mode select (TMS), and test clock (TCK). Additionally, the test circuitry performs 
other testing functions such as parallel-signature analysis (PSA) on data inputs and pseudo-random pattern 
generation (PRPG) from data outputs. All testing and scan operations are synchronized to the TAP interface. 

Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logic level. 

The B-port outputs of 'LVTH1 82646A, which are designed to source or sink up to 12 mA, include 25-Q series 
resistors to reduce overshoot and undershoot. 

The SN54LVT1 8646 and SN54LVTH 1 82646A are characterized for operation over the full military temperature 
range of -55°C to 125°C. The SN74LVTH18646A and SN74LVTH 182646 A are characterized for operation 
from -40°C to 85°C. 
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SN74LVTH18646A, SN74LVTH182646A . . . PM PACKAGE 
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FUNCTION TABLE 
(normal mode, each 9-bit section) 



INPUTS 


DATA I/O 


OPERATION OR FUNCTION 


OE 


DIR 


CLKAB 


CLKBA 


SAB 


SBA 


A1-A9 


B1-B9 


X 


X 


T 


X 


X 


X 


Input 


Unspecifiedt 


Store A, B unspecifiedt 


X 


X 


X 


T 


X 


X 


Unspecifiedt 


Input 


Store B, A unspecifiedt 


H 


X 


T 


T 


X 


X 


Input 


Input 


Store A and B data 


H 


X 


L 


L 


X 


X 


Input disabled 


Input disabled 


Isolation, hold storage 


L 


L 


X 


X 


X 


L 


Output 


Input 


Real-time B data to A bus 


L 


L 


X 


X 


X 


H 


Output 


Input disabled 


Stored B data to A bus 


L 


H 


X 


X 


L 


X 


Input 


Output 


Real-time A data to B bus 


L 


H 


X 


X 


H 


X 


Input disabled 


Output 


Stored A data to B bus 



tThe data-output functions can be enabled or disabled by various signals at OE and DIR. Data-input functions are always enabled; i.e., data at 
the bus pins will be stored on every low-to-high transition of the clock inputs. 
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Figure 1. Bus-Management Functions 



7-102 



^? Texas 
Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 



SN54LVTH18646A, SN54LVTH182646A, SN74LVTH18646A, SN74LVTH182646A 

3.3-V ABT SCAN TEST DEVICES 
WITH 18-BIT TRANSCEIVERS AND REGISTERS 



SCBS311B- MARCH 1994 - REVISED JULY 1996 



functional block diagram 
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Pin numbers shown are for the PM package. 
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Terminal Functions 


TERMINAL NAME 


DESCRIPTION 


1 A1— 1A9 
2A1-2A9 


Normal-function A-bus I/O ports. See function table for normal-mode logic. 


1 R1—1 RQ 
I D l~ I D57, 

2B1-2B9 


Normal-function B-bus I/O ports. See function table for normal-mode logic. 


I ULf\nD| I ULrxDn, 

2CLKAB, 2CLKBA 


Normal-function clock inputs. See function table for normal-mode logic. 


miR 9niR 

I Llin f tUIn 


KlnrmoL.fi inr+ion Hiroftion rv^ntrolc Qoo fimotinn taHIo for nnrmal-mnHo Irtnif 

INUIilldl IUIIOUUII UIIC7UUUM lAJHUUlO* ODQ lUMl/UUM IdUlO IUI llUlllldl IIIUUO ILf^ll/. 


GND 


Ground 


10E.20E 


Normal-function output enables. See function table for normal-mode logic. An internal pullup at each terminal will force 
the terminal to a high level if left unconnected. 


1SAB, 1SBA, 


Normal-function select controls. See function table for normal-mode logic. 


TCK 


Test clock. One of fourterminals required by IEEE Standard 1149.1-1990. Test operations of the device are synchronous 
to TCK. Data is captured on the rising edge of TCK and outputs change on the falling edge of TCK. 


TDI 


Test data input. One of four terminals required by IEEE Standard 1149.1-1990. TDI is the serial input for shifting data 
through the instruction register or selected data register. An internal pullup forces TDI to a high level if left unconnected. 


TDO 


Test data output. One of fourterminals required by IEEE Standard 1149.1-1990. TDO is the serial output for shifting data 
through the instruction register or selected data register. 


TMS 


Test mode select. One of four terminals required by I EEE Standard 1 1 49.1 -1 990. TMS directs the device through its TAP 
controller states. An internal pullup forces TMS to a high level if left unconnected. 


vcc 


Supply voltage 
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test architecture 

Serial-test information is conveyed by means of a 4-wire test bus or TAP that conforms to IEEE Standard 
1149.1-1990. Test instructions, test data, and test control signals all are passed along this serial-test bus. The 
TAP controller monitors two signals from the test bus, TCK and TMS. The TAP controller extracts the 
synchronization (TCK) and state control (TMS) signals from the test bus and generates the appropriate on-chip 
control signals for the test structures in the device. Figure 2 shows the TAP-controller state diagram. 

The TAP controller is fully synchronous to the TCK signal. Input data is captured on the rising edge of TCK and 
output data changes on the falling edge of TCK. This scheme ensures data to be captured is valid for fully 
one-half of the TCK cycle. 

The functional block diagram illustrates the IEEE Standard 1149.1-1990 4-wire test bus and boundary-scan 
architecture and the relationship among the test bus, the TAP controller, and the test registers. As illustrated, 
the device contains an 8-bit instruction register and four test-data registers: a 52-bit boundary-scan register, a 
3-bit boundary-control register, a 1-bit bypass register, and a 32-bit device-identification register. 
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Figure 2. TAP-Controller State Diagram 
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state diagram description 

The TAP controller is a synchronous finite state machine that provides test control signals throughout the device. 
The state diagram shown in Figure 2 is in accordance with IEEE Standard 1149.1-1990. The TAP controller 
proceeds through its states based on the level of TMS at the rising edge of TCK. 

As shown, the TAP controller consists of 16 states. There are six stable states (indicated by a looping arrow in 
the state diagram) and ten unstable states. A stable state is defined as a state the TAP controller can retain for 
consecutive TCK cycles. Any state that does not meet this criterion is an unstable state. 

There are two main paths through the state diagram: one to access and control the selected data register and 
one to access and control the instruction register. Only one register can be accessed at a time. 

Test-Logic-Reset 

The device powers up in the Test-Logic-Reset state. In the stable Test-Logic-Reset state, the test logic is reset 
and is disabled so that the normal logic function of the device is performed. The instruction register is reset to 
an opcode that selects the optional IDCODE instruction, if supported, or the BYPASS instruction. Certain data 
registers can also be reset to their power-up values. 

The state machine is constructed such that the TAP controller returns to the Test-Logic-Reset state in no more 
than five TCK cycles if TMS is left high. The TMS pin has an internal pullup resistor that forces it high if left 
unconnected or if a board defect causes it to be open circuited. 

For the 'LVTH1 8646A and 'LVTH1 82646A, the instruction register is reset to the binary value 1 0000001 , which 
selects the IDCODE instruction. Bits 51 -48 in the boundary-scan register are reset to logic 0, ensuring that 
these cells, which control A-port and B-port outputs, are set to benign values (i.e., if test mode were invoked, 
the outputs would be at high-impedance state). Reset values of other bits in the boundary-scan register should 
be considered indeterminate. The boundary-control register is reset to the binary value 010, which selects the 
PSA test operation. 

Run-Test/Idle 

The TAP controller must pass through the Run-Test/ldle state (from Test-Logic-Reset) before executing any test 
operations. The Run-Test/ldle state also can be entered following data-register or instruction-register scans. 
Run-Test/Idle is a stable state in which the test logic can be actively running a test or can be idle. The test 
operations selected by the boundary-control register are performed while the TAP controller is in the 
Run-Test/ldle state. 

Select-DR-Scan, Select-IR-Scan 

No specific function is performed in the Select-DR-Scan and Select-IR-Scan states, and the TAP controller exits 
either of these states on the next TCK cycle. These states allow the selection of either data-register scan or 
instruction-register scan. 

Capture-DR 

When a data-register scan is selected, the TAP controller must pass through the Capture-DR state. In the 
Capture-DR state, the selected data register can capture a data value as specified by the current instruction. 
Such capture operations occur on the rising edge of TCK, upon which the TAP controller exits the Capture-DR 
state. 

Shift-DR 

Upon entry to the Shift-DR state, the data register is placed in the scan path between TDI and TDO, and on the 
first falling edge of TCK, TDO goes from the high-impedance state to an active state. TDO enables to the logic 
level present in the least-significant bit of the selected data register. 
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Shift-DR (continued) 

While in the stable Shift-DR state, data is serially shifted through the selected data register on each TCK cycle. 
The first shift occurs on the first rising edge of TCK after entry to the Shift-DR state (i.e., no shifting occurs during 
the TCK cycle in which the TAP controller changes from Capture-DR to Shift-DR or from Exit2-DR to Shift-DR). 
The last shift occurs on the rising edge of TCK, upon which the TAP controller exits the Shift-DR state. 

Exit1-DR, Exit2-DR 

The Exit1-DR and Exit2-DR states are temporary states that end a data-register scan. It is possible to return 
to the Shift-DR state from either Exit1-DR or Exit2-DR without recapturing the data register. On the first falling 
edge of TCK after entry to Exit1-DR, TDO goes from the active state to the high-impedance state. 

Pause-DR 

No specific function is performed in the stable Pause-DR state, in which the TAP controller can remain 
indefinitely. The Pause-DR state suspends and resumes data-register scan operations without loss of data. 

Update-DR 

If the current instruction calls for the selected data register to be updated with current data, such update occurs 
on the falling edge of TCK, following entry to the Update-DR state. 

Capture-IR 

When an instruction-register scan is selected, the TAP controller must pass through the Capture-IR state. In 
the Capture-IR state, the instruction register captures its current status value. This capture operation occurs 
on the rising edge of TCK, upon which the TAP controller exits the Capture-IR state. For the 'LVTH1 8646A and 
'LVTH1 82646A, the status value loaded in the Capture-IR state is the fixed binary value 1 0000001 . 

Shift-IR 

Upon entry to the Shift-IR state, the instruction register is placed in the scan path between TDI and TDO, and 
on the first falling edge of TCK, TDO goes from the high-impedance state to the active state. TDO enables to 
the logic level present in the least-significant bit of the instruction register. 

While in the stable Shift-IR state, instruction data is serially shifted through the instruction-register on each TCK 
cycle. The first shift occurs on the first rising edge of TCK after entry to the Shift-IR state (i.e., no shifting occurs 
during the TCK cycle in which the TAP controller changes from Capture-IR to Shift-IR or from Exit2-IR to 
Shift-IR). The last shift occurs on the rising edge of TCK, upon which the TAP controller exits the Shift-IR state. 

Exitl-IR, Exit2-IR 

The Exit1-IR and Exit2-IR states are temporary states that end an instruction-register scan. It is possible to 
return to the Shift-IR state from either Exit1-IR or Exit2-IR without recapturing the instruction register. On the 
first falling edge of TCK after entry to Exit1-IR, TDO goes from the active state to the high-impedance state. 

Pause-IR 

No specific function is performed in the stable Pause-IR state, in which the TAP controller can remain 
indefinitely. The Pause-IR state suspends and resumes instruction-register scan operations without loss of 
data. 

Update-IR 

The current instruction is updated and takes effect on the falling edge of TCK, following entry to the Update-IR 
state. 
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register overview 

With the exception of the bypass and device-identification registers, any test register can be thought of as a 
serial-shift register with a shadow latch on each bit. The bypass and device-identification registers differ in that 
they contain only a shift register. During the appropriate capture state (Capture-IR for instruction register, 
Capture-DR for data registers), the shift register can be parallel loaded from a source specified by the current 
instruction. During the appropriate shift state (Shift-IR or Shift-DR), the contents of the shift register are shifted 
out from TDO while new contents are shifted in at TDI. During the appropriate update state (Update-IR or 
Update-DR), the shadow latches are updated from the shift register. 

instruction register description 

The instruction register (I R) is eight bits long and tells the device what instruction is to be executed. Information 
contained in the instruction includes the mode of operation (either normal mode, in which the device performs 
its normal logic function, ortest mode, in which the normal logic function is inhibited or altered), the test operation 
to be performed, which of the four data registers is to be selected for inclusion in the scan path during 
data-register scans, and the source of data to be captured into the selected data register during Capture-DR. 

Table 3 lists the instructions supported by the ■LVTH18646A and 'LVTH182646A. The even-parity feature 
specified for SCOPE™ devices is supported in this device. Bit 7 of the instruction opcode is the parity bit. Any 
instructions that are defined for SCOPE™ devices but are not supported by this device default to BYPASS. 

During Capture-IR, the IR captures the binary value 1 0000001 . As an instruction is shifted in, this value is shifted 
out via TDO and can be inspected as verification that the IR is in the scan path. During Update-IR, the value 
that has been shifted into the IR is loaded into shadow latches. At this time, the current instruction is updated 
and any specified mode change takes effect. At power up or in the Test-Logic-Reset state, the IR is reset to the 
binary value 10000001 , which selects the IDCODE instruction. The IR order of scan is shown in Figure 3. 





Bit 7 




























BitO 
(LSB) 


TDI — ► 


Parity 
(MSB) 


— ► 


Bite 


— ► 


Bit 5 


— ► 


Bit 4 


— ► 


Bit 3 


— ► 


Bit 2 


— ► 


Bit 1 


— ► 



Figure 3. Instruction Register Order of Scan 
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data register description 
boundary-scan register 

The boundary-scan register (BSR) is 52 bits long. It contains one boundary-scan cell (BSC) for each 
normal-function input pin, one BSC for each normal-function I/O pin (one single cell for both input data and 
output data), and one BSC for each of the internally decoded output-enable signals (10EA, 20EA, 10EB, 
20EB). The BSR is used 1) to store test data that is to be applied externally to the device output pins, and/or 
2) to capture data that appears internally at the outputs of the normal on-chip logic and/or externally at the device 
input pins. 

The source of data to be captured into the BSR during Capture-DR is determined by the current instruction. The 
contents of the BSR can change during Run-Test/Idle, as determined by the current instruction. At power up 
or in Test-Logic-Reset, BSCs 51-48 are reset to logic 0, ensuring that these cells, which control A-port and 
B-port outputs, are set to benign values (i.e., if test mode were invoked the outputs would be at high-impedance 
state). Reset values of other BSCs should be considered indeterminate. 

When external data is to be captured, the BSCs for signals 1 0EA, 20EA, 1 0EB, and 20EB capture logic values 
determined by the following positive-logic equations: 

ioea = Toe • tdir, 20EA = 20E • 2DIR, ioeb = Toe • dir, and 20EB = 20E • dir 

When data is to be applied externally, these BSCs control the drive state (active or high impedance) of their 
respective outputs. 

The BSR order of scan is from TDI through bits 51-0 to TDO. Table 1 shows the BSR bits and their associated 
device pin signals. 



Table 1. Boundary-Scan Register Configuration 



BSR BIT 
NUMBER 


DEVICE 
SIGNAL 


BSR BIT 
NUMBER 


DEVICE 
SIGNAL 


BSR BIT 
NUMBER 


DEVICE 
SIGNAL 


51 


20EB 


35 


2A9-I/0 


17 


2B9-I/0 


50 


10EB 


34 


2A8-I/0 


16 


2B8-I/0 


49 


20EA 


33 


2A7-I/0 


15 


2B7-I/0 


48 


IOEA 


32 


2A6-I/0 


14 


2B6-I/0 


47 


2DIR 


31 


2A5-I/0 


13 


2B5-I/0 


46 


1DIR 


30 


2A4-I/0 


12 


2B4-I/0 


45 


20E 


29 


2A3-I/0 


11 


2B3-I/0 


44 


10E 


28 


2A2-I/0 


10 


2B2-I/0 


43 


2CLKAB 


27 


2A1-I/0 


9 


2B1-I/0 


42 


1CLKAB 


26 


1A9-I/0 


8 


1B9-I/0 


41 


2CLKBA 


25 


1A8-I/0 


7 


1B8-I/0 


40 


1CLKBA 


24 


1A7-I/0 


6 


1B7-I/0 


39 


2SAB 


23 


1A6-I/0 


5 


1B6-I/0 


38 


1SAB 


22 


1A5-I/0 


4 


1B5-I/0 


37 


2SBA 


21 


1A4-I/0 


3 


1B4-I/0 


36 


1SBA 


20 


1A3-I/0 


2 


1B3-I/0 






19 


1A2-I/0 


1 


1B2-I/0 






18 


1A1-I/0 


0 


1B1-I/0 
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boundary-control register 

The boundary-control register (BCR) is three bits long. The BCR is used in the context of the RUNT instruction 
to implement additional test operations not included in the basic SCOPE™ instruction set. Such operations 
include PRPG, PSA, and binary count up (COUNT). Table 4 shows the test operations that are decoded by the 
BCR. 

During Capture-DR, the contents of the BCR are not changed. At power up or in Test-Logic-Reset, the BCR is 
reset to the binary value 01 0, which selects the PSA test operation. The boundary-control register order of scan 
is shown in Figure 4. 



TDI 




► TDO 



O 
a 
c 
o 

H 

TJ 

30 

m 
< 

m 



Figure 4. Boundary-Control Register Order of Scan 

bypass register 

The bypass register is a 1-bit scan path that can be selected to shorten the length of the system scan path, 
reducing the number of bits per test pattern that must be applied to complete a test operation. During 
Capture-DR, the bypass register captures a logic 0. The bypass register order of scan is shown in 
Figure 5. 



TDI 




TDO 



Figure 5. Bypass Register Order of Scan 
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device-identification register 

The device-identification register (IDR) is 32 bits long. It can be selected and read to identify the manufacturer, 
part number, and version of this device. 

For the 'LVTH18646A, the binary value 0010000000000001 111 00000001 01111 (2001 E02F, hex) is captured 
(during Capture-DR state) in the device-identification register to identify this device as Texas Instruments 
SN54/74LVTH18646A. 

For the 'LVTH1 82646A, the binary value 001 000000000001 0001 1 000000101 1 1 1 (2002302F, hex) is captured 
(during Capture-DR state) in the device-identification register to identify this device as Texas Instruments 
SN54/74LVTH182646A. 

The device-identification register order of scan is from TDI through bits 31 -0 to TDO. Table 2 shows the device 
identification register bits and their significance. 



Table 2. Device-Identification Register Configuration 



IDR BIT 
NUMBER 


IDENTIFICATION 
SIGNIFICANCE 


IDR BIT 
NUMBER 


IDENTIFICATION 
SIGNIFICANCE 


IDR BIT 
NUMBER 


IDENTIFICATION 
SIGNIFICANCE 


31 


VERSION3 


27 


PARTNUMBER15 


11 


MANUFACTURER10T 


30 


VERSION2 


26 


PARTNUMBER14 


10 


MANUFACTURER09T 


29 


VERSION1 


25 


PARTNUMBER13 


9 


MANUFACTURER08T 


28 


VERSION0 


24 


PARTNUMBER12 


8 


MANUFACTURER071" 






23 


PARTNUMBER11 


7 


MANUFACTURER06T 






22 


PARTNUMBER10 


6 


MANUFACTURER05T 






21 


PARTNUMBER09 


5 


MANUFACTURER04T 






20 


PARTNUMBER08 


4 


MANUFACTURER03T 






19 


PARTNUMBER07 


3 


MANUFACTURER02T 






18 


PARTNUMBER06 


2 


MANUFACTURER01T 






17 


PARTNUMBER05 


1 


MANUFACTUREROOt 






16 


PARTNUMBER04 


0 


LOGIC1T 






15 


PARTNUMBER03 










14 


PARTNUMBER02 










13 


PARTNUMBER01 










12 


PARTNUMBER00 







TNote that for Tl products, bits 11-0 of the device-identification register always contain the binary value 000000101111 
(02F, hex). 
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instruction-register opcode description 

The instruction-register opcodes are shown in Table 3. The following descriptions detail the operation of each 
instruction. 



Table 3. Instruction-Register Opcodes 



BINARY CODEt 
BIT 7 -> BIT 0 

UCD v 1 CD 

Mod — > Lod 


SCOPE OPCODE 


DESCRIPTION 


SELECTED DATA 
REGISTER 


MODE 


UUUUUUUU 


EXTEST 


Boundary scan 


Boundary scan 


Test 


lUUUUUU 1 


lUUUUb 


Identification read 


Device identification 


Normal 


lUUUUUlU 


oAMrLfc/rrtbLUAD 


Sample boundary 


Boundary scan 


Normal 


UUUUUUll 


□VDACCt 


Bypass scan 


Bypass 


Normal 


mnnnmn 


RYPA«5<?t 
d i r noo T 


Runscc crfln 


Rurtsicc 


Mnrmal 

INUI II Id! 


00000101 


BYPASS* 


Bypass scan 


Bypass 


Normal 


00000110 


HIGHZ 


Control boundary to high impedance 


Bypass 


Modified test 


10000111 


CLAMP 


Control boundary to 1/0 


Bypass 


Test 


10001000 


BYPASS* 


Bypass scan 


Bypass 


Normal 


00001001 


RUNT 


Boundary run test 


Bypass 


Test 


00001010 


READBN 


Boundary read 


Boundary scan 


Normal 


10001011 


READBT 


Boundary read 


Boundary scan 


Test 


00001100 


CELLTST 


Boundary self test 


Boundary scan 


Normal 


10001101 


TOPHIP 


Boundary toggle outputs 


Bypass 


Test 


10001110 


SCANCN 


Boundary-control register scan 


Boundary control 


Normal 


00001111 


SCANCT 


Boundary-control register scan 


Boundary control 


Test 


All others 


BYPASS 


Bypass scan 


Bypass 


Normal 



t Bit 7 is used to maintain even parity in the 8-bit instruction. 

t The BYPASS instruction is executed in lieu of a SCOPE™ instruction that is not supported in the 'LVT18646 or 'LVT182646. 



boundary scan 

This instruction conforms to the IEEE Standard 1149.1-1990 EXTEST instruction. The BSR is selected in the 
scan path. Data appearing at the device input and I/O pins is captured in the associated BSCs. Data that has 
been scanned into the I/O BSCs for pins in the output mode is applied to the device I/O pins. Data present at 
the device pins is passed through the BSCs to the normal on-chip logic. For I/O pins, the operation of a pin as 
input or output is determined by the contents of the output-enable BSCs (bits 51 -48 of the BSR). When a given 
output enable is active (logic 1), the associated I/O pins operate in the output mode. Otherwise, the I/O pins 
operate in the input mode. The device operates in the test mode. 

identification read 

This instruction conforms to the IEEE Standard 1149.1-1990 IDCODE instruction. The device identification 
register is selected in the scan path. The device operates in the normal mode. 

sample boundary 

This instruction conforms to the IEEE Standard 1149.1-1990 SAMPLE/PRELOAD instruction. The BSR is 
selected in the scan path. Data appearing at the device input pins and I/O pins in the input mode is captured 
in the associated BSCs, while data appearing at the outputs of the normal on-chip logic is captured in the BSCs 
associated with I/O pins in the output mode. The device operates in the normal mode. 
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bypass scan 

This instruction conforms to the IEEE Standard 1149.1-1990 BYPASS instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. The device 
operates in the normal mode. 

control boundary to high impedance 

This instruction conforms to the IEEE Standard 11 49.1 a-1 993 HIGHZ instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. The device 
operates in a modified test mode in which all device I/O pins are placed in the high-impedance state, the device 
input pins remain operational, and the normal on-chip logic function is performed. 

control boundary to 1/0 

This instruction conforms to the IEEE Standard 11 49.1 a-1 993 CLAMP instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. Data in the I/O 
BSCs for pins in the output mode is applied to the device I/O pins. The device operates in the test mode. 

boundary-run test 

The bypass register is selected in the scan path. A logic 0 value is captured in the bypass register during 
Capture-DR. The device operates in the test mode. The test operation specified in the BCR is executed during 
Run-Test/ldle. The five test operations decoded by the BCR are: sample inputs/toggle outputs (TOPSIP), 
. PRPG, PSA, simultaneous PSA and PRPG (PSA/PRPG), and simultaneous PSA and binary count up 
(PSA/COUNT). 

boundary read 

The BSR is selected in the scan path. The value in the BSR remains unchanged during Capture-DR. This ^ 
instruction is useful for inspecting data after a PSA operation. 

boundary self test |_ 

The BSR is selected in the scan path. All BSCs capture the inverse of their current values during Capture-DR. O 
In this way, the contents of the shadow latches can be read out to verify the integrity of both shift-register and ZD 
shadow-latch elements of the BSR. The device operates in the normal mode. Q 

boundary toggle outputs 

The bypass register is selected in the scan path. A logic 0 value is captured in the bypass register during 
Capture-DR. Data in the shift-register elements of the selected output-mode BSCs is toggled on each rising 
edge of TCK in Run-Test/Idle and is then updated in the shadow latches and thereby applied to the associated 
device I/O pins on each falling edge of TCK in Run-Test/Idle. Data in the input-mode BSCs remains constant. 
Data appearing at the device input or I/O pins is not captured in the input-mode BSCs. The device operates in 
the test mode. 

boundary-control-register scan 

The BCR is selected in the scan path. The value in the BCR remains unchanged during Capture-DR. This 
operation must be performed before a boundary-run test operation to specify which test operation is to be 
executed. 



UJ 

> 

UJ 



O 
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boundary-control-register opcode description 

The BCR opcodes are decoded from BCR bits 2-0 as shown in Table 4. The selected test operation is 
performed while the RUNT instruction is executed in the Run-Test/Idle state. The following descriptions detail 
the operation of each BCR instruction and illustrate the associated PSA and PRPG algorithms. 



Table 4. Boundary-Control Register Opcodes 



BINARY CODE 
BIT 2 -> BIT 0 
MSB -> LSB 


DESCRIPTION 


XOO 


Sample inputs/toggle outputs (TOPSIP) 


X01 


Pseudo-random pattern generation/36-bit mode (PRPG) 


X10 


Parallel-signature analysis/36-bit mode (PSA) 


011 


Simultaneous PSA and PRPG/18-bit mode (PSA/PRPG) 


111 


Simultaneous PSA and binary count up/1 8-bit mode (PSA/COUNT) 



While the control input BSCs (bits 51-36) are not included in the toggle, PSA, PRPG, or COUNT algorithms, 
the output-enable BSCs (bits 51-48 of the BSR) control the drive state (active or high impedance) of the 
selected device output pins. These BCR instructions are only valid when both bytes of the device are operating 
in one direction of data flow (that is, 1 0EA * 1 0EB and 20EA * 20EB) and in the same direction of data flow 
(that is, 10EA = 20EA and 10EB = 20EB). Otherwise, the bypass instruction is operated. 

sample inputs/toggle outputs (TOPSIP) 

Data appearing at the selected device input-mode I/O pins is captured in the shift-register elements of the 
associated BSCs on each rising edge of TCK. Data in the shift-register elements of the selected output-mode 
BSCs is toggled on each rising edge of TCK, updated in the shadow latches, and applied to the associated 
device I/O pins on each falling edge of TCK. 
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pseudo-random pattern generation (PRPG) 

A pseudo-random pattern is generated in the shift-register elements of the selected BSCs on each rising edge 
of TCK, updated in the shadow latches, and applied to the associated device output-mode I/O pins on each 
falling edge of TCK. Figures 6 and 7 illustrate the 36-bit linear-feedback shift-register algorithms through which 
the patterns are generated. An initial seed value should be scanned into the BSR before performing this 
operation. A seed value of all zeroes will not produce additional patterns. 

2A9-I/0 2AQ-I/0 2A7-I/0 2A6-I/0 2A5-I/0 2A4-I/0 2A3-1/0 2A2-I/0 2A1-I/0 



1A9-I/0 1A8-I/0 1A7-I/0 1A6-I/0 1A5-I/0 1A4-I/0 1A3-I/0 1A2-I/0 1A1-I/0 



r i 



2B9-I/0 2B8-I/0 2B7-I/0 2B6-I/0 2B5-I/0 2B4-I/0 2B3-I/0 2B2-I/0 2B1-I/0 



B9-I/0 1B8-I/0 1B7-I/0 1B6-I/0 1B5-I/0 1B4-I/0 1B3-I/0 1B2-I/0 1B1-I/0 

Figure 6. 36-Bit PRPG Configuration (10EA = 20EA = 0, 10EB = 20EB = 1) 
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2B9-I/0 2B8-I/0 2B7-I/0 2B6-I/0 2B5-I/0 2B4-I/0 2B3-I/0 2B2-I/0 2B1-I/0 



1B9-I/0 1B8-I/0 1B7-I/0 1B6-I/0 1B5-I/0 1B4-I/0 1B3-I/0 1B2-I/0 1B1-I/0 




2A9-I/0 2A8-I/0 2A7-I/0 2A6-I/0 2A5-I/0 2A4-I/0 2A3-I/0 2A2-I/0 2A 1-1/0 



©=x> 



T t 



1A9-I/0 1A8-I/0 1A7-I/0 1A6-I/0 1A5-I/0 1A4-I/0 1A3-I/0 1A2-I/0 1A1-I/0 

Figure 7. 36-Bit PRPG Configuration (10EA = 20EA = 1, 10EB = 20EB = 0) 
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parallel-signature analysis (PSA) 

Data appearing at the selected device input-mode I/O pins is compressed into a 36-bit parallel signature in the 
shift-register elements of the selected BSCs on each rising edge of TCK. Data in the shadow latches of the 
selected output-mode BSCs remains constant and is applied to the associated device I/O pins. Figures 8 and 9 
illustrate the 36-bit linear-feedback shift-register algorithms through which the signature is generated. An initial 
seed value should be scanned into the BSR before performing this operation. 

2A9-I/0 2A8-I/0 2A7-I/0 2A6-I/0 2A5-I/0 2A4-I/0 2A3-I/0 2A2-I/0 2A1-I/0 



L 1 1 1 1 1 1 1 J 



,©_©_©_©_©_©_©_©_♦© 



1A9-I/0 1A8-I/0 1A7-I/0 1A6-I/0 1A5-I/0 1A4-I/0 1A3-I/0 1A2-I/0 1A1-I/0 

L 1 1 1 1 1 1 1 i 



© 



,©_© 



© 



.© 



© 



©N0H 



2B9-I/0 2B8-I/0 2B7-I/0 2B6-I/0 2B5-I/0 2B4-I/0 2B3-I/0 2B2-I/0 2B1-1/0 



B9-I/0 1B8-I/0 1B7-I/0 1B6-I/0 1B5-I/0 1B4-I/0 1B3-I/0 1B2-I/0 1B1-I/0 

Figure 8. 36-Bit PSA Configuration (10EA = 20EA = 0, 10EB = 20EB = 1) 
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2B9-I/0 2B8-I/0 2B7-I/0 2B6-I/0 2B5-I/0 2B4-I/0 2B3-I/0 2B2-I/0 2B1-I/0 
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2A9-I/0 2A8-I/0 2A7-I/0 2A6-I/0 2A5-I/0 2A4-I/0 2A3-I/0 2A2-I/0 2A1-I/0 



1A9-I/0 1A8-I/0 1A7-I/0 1A6-I/0 1A5-I/0 1A4-I/0 1A3-I/0 1A2-I/0 1A1-I/0 

Figure 9. 36-Bit PSA Configuration (10EA = 20EA = 1, 10EB = 20EB = 0) 
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simultaneous PSA and PRPG (PSA/PRPG) 

Data appearing at the selected device input-mode I/O pins is compressed into an 18-bit parallel signature in 
the shift-register elements of the selected input-mode BSCs on each rising edge of TCK. At the same time, an 
1 8-bit pseudo-random pattern is generated in the shift-register elements of the selected output-mode BSCs on 
each rising edge of TCK, updated in the shadow latches, and applied to the associated device I/O pins on each 
falling edge of TCK. Figures 10 and 11 illustrate the 18-bit linear-feedback shift-register algorithms through 
which the signature and patterns are generated. An initial seed value should be scanned into the BSR before 
performing this operation. A seed value of all zeroes will not produce additional patterns. 
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Figure 10. 18-Bit PSA/PRPG Configuration (10EA = 20EA = 0, 10EB = 20EB = 1) 
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Figure 11. 18-Bit PSA/PRPG Configuration (10EA = 20EA = 1, 10EB = 20EB = 0) 
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simultaneous PSA and binary count up (PSA/COUNT) 

Data appearing at the selected device input-mode I/O pins is compressed into an 18-bit parallel signature in 
the shift-register elements of the selected input-mode BSCs on each rising edge of TCK. At the same time, an 
1 8-bit binary count-up pattern is generated in the shift-register elements of the selected output-mode BSCs on 
each rising edge of TCK, updated in the shadow latches, and applied to the associated device I/O pins on each 
falling edge of TCK. Figures 12 and 13 illustrate the 18-bit linear-feedback shift-register algorithms through 
which the signature is generated. An initial seed value should be scanned into the BSR before performing this 
operation. 
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Figure 12. 18-Bit PSA/COUNT Configuration (10EA = 20EA = 0, 10EB = 20EB = 1) 
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Figure 13. 18-Bit PSA/COUNT Configuration (10EA = 20EA = 1, 10EB = 20EB = 0) 
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timing description 

All test operations of the "LVTH1 8646A and 'LVTH1 82646A are synchronous to the TCK signal. Data on the TDI, 
TMS, and normal-function inputs is captured on the rising edge of TCK. Data appears on the TDO and 
normal-function output pins on the falling edge of TCK. The TAP controller is advanced through its states (as 
shown in Figure 2) by changing the value of TMS on the falling edge of TCK and then applying a rising edge 
to TCK. 

A simple timing example is shown in Figure 14. In this example, the TAP controller begins in the 
Test-Logic-Reset state and is advanced through its states as necessary to perform one instruction-register scan 
and one data-register scan. While in the Shift-IR and Shift-DR states, TDI is used to input serial data, and TDO 
is used to output serial data. The TAP controller is then returned to the Test-Logic-Reset state. Table 5 explains 
the operation of the test circuitry during each TCK cycle. 



Table 5. Explanation of Timing Example 



TCK 
CYCLE(S) 


TAP «?TATP 

AFTER TCK 


DESCRIPTION 


1 


Test-Logic-Reset 


TMS is changed to a logic 0 value on the falling edge of TCK to begin advancing the TAP controller toward 
the desired state. 


2 


Run-Test/Idle 




3 


Select-DR-Scan 




4 


Select-IR-Scan 




5 


Capture-IR 


The IR captures the 8-bit binary value 10000001 on the rising edge of TCK as the TAP controller exits the 
Capture-IR state. 


6 


Shift-IR 


TDO becomes active and TDI is made valid on the falling edge of TCK. The first bit is shifted into the TAP on 
the rising edge of TCK as the TAP controller advances to the next state. 


7-13 


Shift-IR 


One bit is shifted into the IR on each TCK rising edge. With TDI held at a logic 1 value, the 8-bit binary value 
1 1 1 1 1 1 1 1 is serially scanned into the IR. At the same time, the 8-bit binary value 1 0000001 is serially scanned 
out of the IR via TDO. In TCK cycle 1 3, TMS is changed to a logic 1 value to end the IR scan on the next TCK 
cycle. The last bit of the instruction is shifted as the TAP controller advances from Shift-IR to Exit1-IR. 


14 


ExitMR 


TDO becomes inactive (goes to the high-impedance state) on the falling edge of TCK. 


15 


Update-IR 


The IR is updated with the new instruction (BYPASS) on the falling edge of TCK. 


16 


Select-DR-Scan 




17 


Capture-DR 


The bypass register captures a logic 0 value on the rising edge of TCK as the TAP controller exits the 
Capture-DR state. 


18 


Shift-DR 


TDO becomes active and TDI is made valid on the falling edge of TCK. The first bit is shifted into the TAP on 
the rising edge of TCK as the TAP controller advances to the next state. 


19-20 


Shift-DR 


The binary value 101 is shifted in via TDI, while the binary value 010 is shifted out via TDO. 


21 


Exit1-DR 


TDO becomes inactive (goes to the high-impedance state) on the falling edge of TCK. 


22 


Update-DR 


In general, the selected data register is updated with the new data on the falling edge of TCK. 


23 


Select-DR-Scan 




24 


Select-IR-Scan 




25 


Test-Logic-Reset 


Test operation completed 
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TAP 
Controller 
State 



3-State (TDO) or Don't Care (TDI) 
Figure 14. Timing Example 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, V<x -°- 5 v to 4.6 V 

Input voltage range, V| (see Note 1 ) -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq (see Note 1 ) — -0.5 V to 7 V 

Current into any output in the low state, lo: SN54LVTH18646A 96 m A 

SN54LVTH182646A(AportorTDO) 96 mA 

SN54LVTH182646A(Bport) 30 mA 

SN74LVTH18646A 128 mA 

SN74LVTH182646A(AportorTDO) 128 mA 

SN74LVTH182646A(Bport) 30 mA 

Current into any output in the high state, Iq (see Note 2): SN54LVTH18646A 48 mA 

SN54LVTH182646A(AportorTDO) .... 48mA 

SN54LVTH182646A(Bport) 30 mA 

SN74LVTH18646A 64 mA 

SN74LVTH182646A(AportorTDO) .... 64mA 

SN74LVTH182646A(Bport) 30 mA 

Input clamp current, Iik (V| < 0) -50 mA 

Output clamp current, Iqk (Vo < 0) -50 mA 

Maximum power dissipation at = 55°C (in still air) (see Note 3): PM package 1 W 

Storage temperature range, T s t g -65°C to 1 50°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1 . The input and output negative-voltage ratings can be exceeded if the input and output clamp-current ratings are observed. 

2. This current will only flow when the output is in the high state and Vo > Vcc- 

3. The maximum package power dissipation is calculated using a junction temperature of 150°C and a board trace length of 75 mils. 
For more information, refer to the Package Thermal Considerations application note in the ABT Advanced BiCMOS Technology Data 
Book, literature number SCBD002. 
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recommended operating conditions 







SN54LVTH18646A 


SN74LVTH18646A 


UNIT 






MIN 


MAX 


MIN 


MAX 


V CC 


Supply voltage 


2.7 


3.6 


2.7 


3.6 


V 


VlH 


High-level input voltage 


2 


2 


V 


V|L 


Low-level input voltage 


0.8 


0.8 


V 


V| 


Input voltage 


5.5 


5.5 


V 


'OH 


High-level output current 


-24 


-32 


mA 


lOL 


Low-level output current 


24 


32 


mA 


'OLt 


Low-level output current 


48 


64 


mA 


At/Av 


Input transition rise or fall rate 


Outputs enabled 


10 


10 


ns/V 


TA 


Operating free-air temperature 


-55 


125 


-40 


85 


°C 



t Current duty cycle £ 50%, f S 1 kHz 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (see Note 4) 



PARAMETER 


TEST CONDITIONS 


SN54LVTH18646A 


SN74LVTH18646A 


UNIT 


MIN TYPt MAX 


MIN TYPt MAX 


V|K 


Vcc -2.7 V, l| = -18mA 


-1.2 


-1.2 


V 


VOH 


Vqc - MIN to MAX*, Ioh=- 1 00^ a 


Vrr-0 2 


Vrr-0.2 


V 


Vcc - 2 - 7 v > 'OH » -3 rnA 


2.4 


2.4 


VCC-3V 


lOH = -8 mA 


2.4 


2.4 


'OH - ~ 24 mA 


2 




l 0 H = -32mA 




2 


vol 


V C C -2.7 V 


Iql- 100 nA 


0.2 


0.2 


V 


Iql = 24 mA 


0.5 


0.5 


V C C = 3V 


lOL- 16 mA 


0.4 


0.4 


'OL = 32 mA 


0.5 


0.5 


lOL = 48 mA 


0.55 




IQL ■ 64 mA 




0.55 


ii 


CLK, DIR. 
S.TCK 


Vcc = 3.6 V, V| = Vcc or GND 


±1 


±1 


HA 


Vcc - 0 or MAX*, V| = 5.5 V 


10 


10 


OE, TDI, 
TMS 


Vcc = 3.6 V 


V| •= 5.5 V 


50 


50 


V| = V CC 


1 


1 


V| = 0 


-25 -100 


-25 -100 


AorB 
ports§ 


V C c - 3.6 V 


V| = 5.5 V 


20 


20 


V|«.Vcc 


1 


1 


V| = 0 


-5 


-5 


'off 


Vcc - 0. V| or Vq - 0 to 4.5 V 




±100 


HA 


'l(hold) 11 


AorB 
ports 


VCC = 3 V 


V| = 0.8 V 


75 


75 


HA 


V| = 2V 


-IB 


— /O 


'OZH 


TDO 


Vcc - 3.6 V, Vo = 3 V 


1 


4 

1 


JlA 


>OZL 


TDO 


Vcc - 3.6 V, Vo = 0.5 V 


—1 


—1 


ii A 


'OZPU 


TDO 


Vcc = 0 to 1.5 V, Vo = 0.5Vor3V 


±50 


±50 


uA 

[in 


'OZPD 


TDO 


Vcc- 1.5 V toO, V O = 0.5Vor3V 


±50 


±50 


HA 


ice 


V C C -3.6 V, 

io = o. 

V| = Vcc or GND 


Outputs high 


2 


2 


mA 


Outputs low 


30 


30 


Outputs disabled 


2 


2 


Alcc # 


Vcc = 3 V to 3.6 V, One input at Vcc ~ 0-6 V 
Other inputs at Vcc or GND 


0.2 


0.2 


mA 


Ci 


V| « 3 V or 0 


4 


4 


PF 


Cj 0 


Vo - 3 V or 0 


11 


11 


PF 


Co 


Vq = 3 V or 0 


8 


8 


PF 



t All typical values are at Vcc - 3.3 V, Ta = 25°C. 

* For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
§ Unused pins at Vcc or G ND 

H The parameter I|(hoId) includes the off-state output leakage current. 

# This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc ° r G ND - 
NOTE 4: Product preview specifications are design goals only and are subject to change without notice. 
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timing requirements over recommended operating free-air temperature range (unless otherwise 
noted) (normal mode) (see Note 4 and Figure 15) 









SN54LVTH18646A 


SN74LVTH18646A 










V C C = 3.3 V 
±0.3V 


V C C = 2.7V 


V C C = 3.3 V 
±0.3V 


V C C = 2.7V 


UNIT 








MIN MAX 


MIN MAX 


MIN MAX 


MIN MAX 




'clock 


Clock frequency 


CLKAB or CLKBA 






0 100 




MHz 


tw 


Pulse duration 


CLKAB or CLKBA high or low 






5 




ns 


l su 


Setup time 


A before CLKAB? or 
B before CLKBAt 






4 




ns 


th 


Hold time 


A after CLKAB? or 
Batter CLKBA? 






1 




ns 



timing requirements over recommended operating free-air temperature range (unless otherwise 
noted) (test mode) (see Note 4 and Figure 15) 









SN54LVTH18646A 


SN74LVTH18646A 










V C C = 3.3 V 
±0.3V 


V C C = 2.7 V 


V C C = 3.3 V 
±0.3V 


V C C = 2.7 V 


UNIT 








MIN MAX 


MIN MAX 


MIN MAX 


MIN MAX 




'clock 


Clock frequency 


TCK 






0 50 




MHz 


tw 


Pulse duration 


TCK high or low 






9.5 




ns 




Setup time 


A, B, CLK, DIR.OEorS 
before TCK? 






6.5 






tsu 


TDI before TCK? 






2.5 




ns 






TMS before TCK? 






2.5 






th 


Hold time 


A, B, CLK, DIR. OE or S 
after TCK? 






1.5 






TDI after TCK? 






1.5 




ns 






TMS after TCK? . 






1.5 






td 


Delay time 


Power up to TCK? 






50 




ns 


tr 


Rise time 


Vcc power up 






1 




us 



NOTE 4: Product preview specifications are design goals only and are subject to change without notice. 
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switching characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (normal mode) (see Note 4 and Figure 15) 









SN54LVTH18646A 


SN74LVTH18646A 




PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


±0.3V 


V C C = 2.7 V 


V C C = 3.3V 
±0.3V 


V C C = 2.7 V 


UNIT 








MIN MAX 


MIN MAX 


MIN 


MAX 


MIN 


MAX 




'max 


CLKAB or CLKBA 








100 




MHz 


tPLH 


A or B 


B or A 






1.5 


6 




ns 


tPHL 






1.5 


6 




tPLH 


r*l l/AD Ol l/DA 

ULKAd Or L/LKbA 


B or A 






1.5 


7 




ns 


*PHL 






1.5 


7 




tPLH 


CAD r\r CDA 

oAb Or OD7\ 


B or A 






1.5 


8 




ns 


tPHL 






1.5 


8 




IPZH 


DIR 


BorA 






2 


12 




ns 


tpZL 






2 


12 




tpZH 


OE 


Bor A 






2 


12 




ns 


tPZL 






2 


12 




tPHZ 


DIR 


BorA 






3 


12 




ns 


tpLZ 






3 


12 




tPHZ 


OE 


BorA 






2 


11 




ns 


tPLZ 






2 


11 




switching characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (test mode) (see Note 4 and Figure 15) 








SN54LVTH18646A 


SN74LVTH18646A 




PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V C C = 3.3 V 
± 0.3 V 


V C C = 2.7 V 


V C C = 3.3V 
±0.3V 


vcc = 


2.7 V 


UNIT 








MIN MAX 


MIN MAX 


MIN 


MAX 


MIN 


MAX 




'max 


TCK 








50 




MHz 


tPLH 


TCK4- 


A or B 






2.5 


15 




ns 


tPHL 






2.5 


15 




tPLH 


TCK4- 


TDO 






1.5 


7 




ns 


tPHL 






1.5 


7 




IPZH 


TCKJ- 


AorB 






3 


18 




ns 


IPZL 






3 


18 




IPZH 


TCK4- 


TDO 






1.5 


7 




ns 


tPZL 






1.5 


7 




tPHZ 


TCK4- 


AorB 






3 


19 




ns 


tPLZ 






3 


19 




'PHZ 


TCK4- 


TDO 






1.5 


8 




ns 


tPLZ 






1.5 


8 





o 
a 
c 
o 

H 
TJ 

m 
< 

m 



NOTE 4: Product preview specifications are design goals only and are subject to change without notice. 
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recommended operating conditions 









SN54LVTH182646A 


SN74LVTH182646A 


UNIT 








MIN 


MAX 


MIN 


MAX 


V CC 


Supply voltage 




2.7 


3.6 


2.7 


3.6 


V 


V IH 


High-level input voltage 




2 


2 


V 


V IL 


1 nus—lov/al inm it v/oltnriQ 




0.8 


0.8 




V| 


Input voltage 




5.5 


5.5 


V 


lOH 


High-level output current 


A port, TDO 


-24 


-32 


mA 


Bport 


-12 


-12 


"QL 


Low-level output current 


A port, TDO 


24 


32 


mA 


Bport 


12 


12 


IOL+ 


Low-level output current 


A port, TDO 


48 


64 


mA 


At/Av 


Input transition rise or fall rate 


Outputs enabled 


10 


10 


ns/V 


T A 


Operating free-air temperature 




-55 


125 


-40 


85 


°C 



t Current duty cycle < 50%, f > 1 kHz 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (see Note 4) 



PARAMETER 


TEST CONDITIONS 


SN54LVTH182646A 


SN74LVTH182646A 


UNIT 


MIN TYPt MAX 


MIN TYPt MAX 


V|K 


Vcc = 2.7 V, l|=-18mA 


-1.2 


-1.2 


V 


VOH 


V C C = MIN to MAX*, l O H=-100nA 


VcC-0-2 


Vcc-0.2 


V 


V C C - 2.7 V, l 0 H=-3mA 


2.4 


2.4 


Vcc = 3 V 


lOH = -8 mA 


2.4 


2.4 


'OH = - 24 mA 


2 




lOH = -32 mA 




2 


IOH = -12mA 


2 


2 


vol 


V C C = 2.7 V 


lOL = 100 nA 


0.2 


0.2 


V 


lOL = 24 mA 


0.5 


0.5 


V C C - 3 V 


lOL = 16 mA 


0.4 


0.4 


lOL = 32 mA 


0.5 


0.5 


lOL = 48 mA 


0.55 




lOL = 64 mA 




0.55 


Iql= 12 mA 


0.8 


0.8 


ii 


CLK, DIR. 
S, TCK 


Vcc = 3.6 V, V| = Vcc or GND 


±1 


±1 


\iA 


Vcc = 0 or MAX*, V| = 5.5V 


10 


10 


OE, TDI, 
TMS 


Vcc = 3.6 V 


V| = 5.5 V 


50 


50 


V| = V CC 


1 


1 


V| = 0 


-25 -100 


-25 -100 


Aor B 
ports§ 


Vcc = 3.6 V 


V| = 5.5 V 


20 


20 


V| = V C C 


1 


1 


V| = 0 


-5 


-5 


'off 


Vcc = °. V| or Vo = 0 to 4.5 V 




±100 


HA 


ll(hold) 11 


Aor B 
ports 


V C C = 3V 


V| = 0.8 V 


75 


75 


HA 


V| = 2V 


-75 


-75 


'OZH 


TDO 


Vcc = 3.6 V, Vo = 3 V 




1 


uA 


'OZL 


TDO 


Vcc = 3.6 V, Vo = 0.5 V 


-1 


-1 


uA 


lOZPU 


TDO 


Vcc = 0 to 1.5 V, VQ = 0.5Vor3V 


±50 


±50 


\iA 


lOZPD 


TDO 


Vcc = 1-5VtoO, Vo = 0.5Vor3V 


±50 


±50 


HA 


"cc 


V C C -3.6 V, 

io = o, 

V| = V C c or GND 


Outputs high 


2 


2 


mA 


Outputs low 


35 


35 


Outputs disabled 


2 


2 


Alcc # 


Vcc = 3 V to 3.6 V, One input at Vcc - 0.6 V, 
Other inputs at Vcc or GND 


0.2 


0.2 


mA 


Cj 


V| = 3 V or 0 


4 


4 


PF 


Cj 0 


Vo = 3 V or 0 


11 


11 


PF 


Co 


Vq = 3 V or 0 


8 


8 


PF 



t All typical values are at Vcc = 3.3 V, Ta = 25°C. 
* For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
§ Unused pins at Vcc or GND 

^ The parameter l|(hold) includes the off-state ouput leakage current. 

#This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 
NOTE 4: Product preview specifications are design goals only and are subject to change without notice. 
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timing requirements over recommended operating free-air temperature range (unless otherwise 
noted) (normal mode) (see Note 4 and Figure 15) 









SN54LVTH182646A 


SN74LVTH182646A 










V C C = 3.3V 
±0.3V 


V C C = 2.7 V 


V C C = 3.3 V 
+ 0.3V 


V C C = 2.7V 


UNIT 








MIN MAX 


MIN MAX 


MIN MAX 


MIN MAX 




'clock 


Clock frequency 


CLKAB or CLKBA 






0 100 




MHz 


tw 


Pulse duration 


CLKAB or CLKBA high or low 






5 




ns 


'su 


Setup time 


A before CLKABT or 
B before CLKBA? 






4 




ns 


th 


Hold time 


A after CLKAB? or 
B after CLKBAT 






1 




ns 



timing requirements over recommended operating free-air temperature range (unless otherwise 
noted) (test mode) (see Note 4 and Figure 15) 





SN54LVTH182646A 


SN74LVTH182646A 


UNIT 


V C C = 3.3 V 
±0.3V 


V C C = 2.7 V 


V C C = 3.3 V 
±0.3V 


V C C = 2.7 V 


MIN MAX 


MIN MAX 


MIN MAX 


MIN MAX 


'clock Clock frequency 


TCK 






0 50 




MHz 


t w Pulse duration 


TCK high or low 






9.5 




ns 


t su Setup time 


A, B, CLK, DIR.OEorS 
before TCKT 






6.5 




ns 


TDI before TCKT 






2.5 




TMS before TCKT 






2.5 




th Hold time 


A, B, CLK, DIR.OEorS 
after TCKT 






1.5 




ns 


TDI after TCKT 






1.5 




TMS after TCKT 






1.5 




t(j Delay time 


Power up to TCKT 






50 




ns 


t r Rise time 


Vcc power up 






1 




(iS 



NOTE 4: Product preview specifications are design goals only and are subject to change without notice. 
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switching characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (normal mode) (see Note 4 and Figure 15) 









SN54LVTH182646A 


SN74LVTH182646A 




PARAMETER 


FROM 
(INPUT) 


TO 

(OUTPUT) 


V CC = 3 - 3 v 
±0.3V 


V C C = 2.7 V 


V C C = 3.3V 
±0.3V 


V C C = 2.7 V 


UNIT 








MIN MAX 


MIN MAX 


MIN 


MAX 


MIN MAX 




finax 


CLKAB or CLKBA 








100 




MHz 


tpi_H 


AorB 


B or A 






1.5 


7 




ns 


'PHL 






1.5 


7 




tPLH 


CLKAB or CLKBA 


B or A 






1.5 


8 




ns 


tpHL 






1.5 


8 




tpLH 


SAB or SBA 


BorA 






1.5 


9 




ns 


tPHL 






1.5 


9 




tpZH 


DIR 


B or A 






2 


13 




ns 


tpZL 






2 


13 




tpZH 


OE 


BorA 






2 


13 




ns 


*PZL 






2 


13 




tPHZ 


DIR 


BorA 






3 


13 




ns 


tPLZ 






3 


13 




tPHZ 


OE 


B or A 






2 


12 




ns 


*PLZ 






2 


12 




switching characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (test mode) (see Note 4 and Figure 15) 








SN54LVTH182646A 


SN74LVTH182646A 




PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V C C = 3.3 V 
+ 0.3V 


VCC = 2.7 V 


VCC = 3.3 V 
±0.3V 


V C C = 2.7 V 


UNIT 








MIN MAX 


MIN MAX 


MIN 


MAX 


MIN MAX 




'max 


TCK 








50 




MHz 


tPLH 


TCKi 


AorB 






2.5 


15 




ns 


tPHL 






2.5 


15 




tPLH 


TCKi 


TDO 






1.5 


7 




ns 


l PHL 






1.5 


7 




tpZH 


TCKI 


AorB 






3 


18 




ns 


tpZL 






3 


18 




l PZH 


TCKi 


TDO 






1.5 


7 




ns 


tpZL 






1.5 


7 




tPHZ 


TCKi 


A or B 






3 


19 




ns 


tPLZ 






3 


19 




tPHZ 


TCKi 


TDO 






1.5 8 




ns 


tPLZ 






1.5 


8 





NOTE 4: Product preview specifications are design goals only and are subject to change without notice. 
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PARAMETER MEASUREMENT INFORMATION 

- 6V 



From Output 

Under Test 

Cl = 50 pF 
(see Note A) 



Input 



500 n 

-AAA— 



J^/* O Open 
9 GND 



500 £2 



LOAD CIRCUIT 

^ t w w 



V Y — 

'■ 5V A A 15V 



VOLTAGE WAVEFORMS 
PULSE DURATION 



2.7 V 



0V 



Timing Input 



Data Input 



TEST 


S1 


tPLH'tPHL 
tPLZ'tpZL 
tPHZ/tPZH 


Open 
6V 
GND 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



2.7 V 
0V 



X 5v )GH , 



2.7 V 
V 



Input 



Output 



Output 



ZKEIXE 



2.7 V 
0V 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output 
Waveform 1 
S1 at 6 V 
(see Note B) 

Output 
Waveform 2 
S1 at GND 
(see Note B) 



tpZL ft— 



1 tpLZ -#j |«- 



\l.5V \/ 

| tpHZ -H \k- 

tpZH ~>\ |<- | 



VQH-0.3V 



2.7 V 
0V 

3V 

vol 

V 0 H 

» 0 V 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. Cl includes probe and jig capacitance. 

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

C. All input pulses are supplied by generators having the following characteristics: PRR < 1 0 MHz, Zq = 50 n, t r s 2.5 ns, tf 5 2.5 ns. 

D. The outputs are measured one at a time with one transition per measurement. 



Figure 15. Load Circuit and Voltage Waveforms 
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Members of the Texas Instruments 
SCOPE™ Family of Testability Products 
Members of the Texas Instruments 
Wldebus™ Family 

State-of-the-Art 3.3-V ABT Design Supports 
Mixed-Mode Signal Operation (5-V Input 
and Output Voltages With 3.3-V V cc ) 

Support Unregulated Battery Operation 
Down to 2.7 V 

Include D-Type Flip-Flops and Control 
Circuitry to Provide Multiplexed 
Transmission of Stored and Real-Time Data 

Bus Hold on Data Inputs Eliminates the 
Need for External Pullup Resistors 

B-Port Outputs of 'LVTH182652A Devices 
Have Equivalent 25-Q Series Resistors, So 
No External Resistors Are Required 



Compatible With the IEEE Standard 
1149.1-1990 (JTAG) Test Access Port and 
Boundary-Scan Architecture 

SCOPE™ Instruction Set 

- IEEE Standard 1149.1-1990 Required 
Instructions and Optional CLAMP and 
HIGHZ 

- Parallel-Signature Analysis at Inputs 

- Pseudo-Random Pattern Generation 
From Outputs 

- Sample Inputs/Toggle Outputs 

- Binary Count From Outputs 

- Device Identification 

- Even-Parity Opcodes 

Packaged in 64-Pin Plastic Thin Quad Flat 
(PM) Packages Using 0.5-mm 
Center-to-Center Spacings and 68-Pin 
Ceramic Quad Flat (HV) Packages Using 
25-mil Center-to-Center Spacings 



description 



The 'LVTH18652A and 'LVTH182652A scan test devices with 18-bit bus transceivers and registers are 
members of the Texas Instruments SCOPE™ testability integrated-circuit family. This family of devices supports 
IEEE Standard 1149.1-1990 boundary scan to facilitate testing of complex circuit-board assemblies. Scan 
access to the test circuitry is accomplished via the 4-wire test access port (TAP) interface. 

Additionally, these devices are designed specifically for low-voltage (3.3-V) Vcc operation, but with the 
capability to provide a TTL interface to a 5-V system environment. 

In the normal mode, these devices are 18-bit bus transceivers and registers that allow for multiplexed 
transmission of data directly from the input bus or from the internal registers. They can be used either as two 
9-bit transceivers or one 1 8-bit transceiver. The test circuitry can be activated by the TAP to take snapshot 
samples of the data appearing at the device pins or to perform a self test on the boundary-test cells. Activating 
the TAP in the normal mode does not affect the functional operation of the SCOPE™ bus transceivers and 
registers. 

Data flow in each direct ion is controlled by clock (CLKAB and CLKBA), select (SAB and SBA), and 
output-enable (OEAB and OEBA) inputs. For A-to-B data flow, data on the A bus is clocked into the associated 
registers on the low-to-high transition of CLKAB. When SAB is low, real-time A data is selected for presentation 
to the B bus (transparent mode). When SAB is high, stored A data is selected for presentation to the B bus 
(registered mode). When OEAB is high, the B outputs are active. When OEAB is low, the B outputs are in the 
high-impedance state. 



Co ntrol for B-to-A data flow is similar to that for A-to-B data fl ow but u ses CLKBA, SBA, and OEBA inputs. Since 
the O EBA in put is active-low, the A outputs are active when OEBA is low and are in the high-impedance state 
when OEBA is high. Figure 1 illustrates the four fundamental bus-management functions that can be performed 
with the 'LVTH18652A and 'LVTH182652A. 



SCOPE and Widebus are trademarks of Texas Instruments Incorporated. 



product preview information concerns products in th« formative or «■ . Copyright © 1 996, Texas Instruments Incorporated 

design phase ol development. Characteristic data and other _Jr/3L 

specifications are deelgn goals. Texas Instruments reserves the right to wl'& *T%^-- / - . — , 

change or discontinue these products without notice. \a I P,X A^ 

Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 7-1 35 



SN54LVTH18652A, SN54LVTH 182652 A, SN74LVTH18652A, SN74LVTH182652A 

3.3-V ABT SCAN TEST DEVICES 

WITH 18-BIT TRANSCEIVERS AND REGISTERS 



SCBS312B - MARCH 1 994 - REVISED JULY 1 996 



description (continued) 

In the test mode, the normal operation of the SCOPE™ bus transceivers and registers is inhibited, and the test 
circuitry is enabled to observe and control the I/O boundary of the device. When enabled, the test circuitry 
performs boundary-scan test operations according to the protocol described in IEEE Standard 1149.1-1990. 

Four dedicated test pins are used to observe and control the operation of the test circuitry: test data input (TDI), 
test data output (TDO), test mode select (TMS), and test clock (TCK). Additionally, the test circuitry performs 
other testing functions such as parallel-signature analysis (PSA) on data inputs and pseudo-random pattern 
generation (PRPG) from data outputs. All testing and scan operations are synchronized to the TAP interface. 

Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logic level. 

The B-port outputs of 'LVTH1 82652A, which are designed to source or sink up to 12 mA, include 25-Q series 
resistors to reduce overshoot and undershoot. 

The SN54LVTH18652A and SN54LVTH182652A are characterized for operation over the full military 
temperature range of-55°C to 125°C. The SN74LVTH1 8652A and SN74LVTH 182652 A are characterized for 
operation from -40°C to 85°C. 



SN54LVTH18652A, SN54LVTH182652A . 

(TOP VIEW) 



HV PACKAGE 



CD 

CO. ^ 
< —I 
CO O 



m m 
O o, w 3 m w 5 



r^' — " — ■■ — ■' — ■' — ■■ — ■■ — ■' — ■' — " — " — ■' — ■■ — " — " — " — ■ 



1A3[ 
1A4[ 
1A5[ 
GND 
1A6 
1A7 
1A8 
1A9 
NC 

V C C 
2A1 
2A2 
2A3 
GND 
2A4 
2A5 
2A6 



9 8 7 6 5 4 3 2 1 68 67 66 65 64 63 62 61 



10 
11 
12 
□ 13 
[ 14 
C 15 
C 16 
C 17 
[ 18 
C 19 
[ 20 
[ 21 
[ 22 
[ 23 
[ 24 
[ 25 
[ 26 



60 ] 
59 ] 



58 ] 
57 ] 
56 D 
55 
54 
53 
52 
51 
50 
49 
48 
47 
46 
45 
44 



27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 

uuuuuuuuuuuuuuuuu 



1B4 
1B5 
1B6 
GND 
1B7 
] 1B8 
] 1B9 

] V CC 
] NC 
] 2B1 
] 2B2 
] 2B3 
] 2B4 
] GND 
] 2B5 
] 2B6 
] 2B7 



S CO O) Q 

< < < Z 
CM CM CM 0 



CO < < H Z OOCQCDZ<CQCQ 
- H ^- -~> C V rn ^ m CM CM 



Lil CO 
O 



NC - No internal connection 



> l— i£ CO (H lu °j cnj 

— I — 1 CM O 

O O CM < 

CM CM 
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SN74LVTH18652A, SN74LVTH1 82652A . . . PM PACKAGE 
(TOP VIEW) 

< 3 Si 9 

Mr- UJQ < J O U") JmlU = r(M 

_ t-tr-ir-ir-ii-ir-ir-ii-ir-ii-n-ir-ir-n-ir-im 



1A3 
1A4 
1A5 
GND 
1A6 
1A7 
1A8 
1A9 

V C C 
2A1 
2A2 
2A3 
GND 
2A4 
2A5 
2A6 



[1 

[ 2 

[3 

[4 

[5 

[6 

C7 

[8 

[9 

[10 

[11 

[12 

[13 

[14 

[15 

[16 



64 63 62 61 60 59 58 57 56 55 54 53 52 51 50 49 



17 18 19 20 21 22 23 24 2 5 26 27 28 29 30 31 32 

uuuuuuuuuuuuuuuu 

cm — 1 — 1 cm o 
O O CM 

CM CM 



] 1B4 
] 1B5 
] 1B6 
]GND 
] 1B7 
] 1B8 
] 1B9 
JVcc 
J 2B1 
]2B2 
]2B3 
] 2B4 
]GND 
]2B5 
]2B6 
]2B7 



< < < z 

CM CM CM g 



FUNCTION TABLE 
(normal mode, each 9-bit section) 



INPUTS 


DATA I/O 


OPERATION OR FUNCTION 


OEAB 


OEBA 


CLKAB 


CLKBA 


SAB 


SBA 


A1-A9 


B1-B9 


L 


H 


L 


L 


X 


X 


Input disabled 


Input disabled 


Isolation 


L 


H 


T 


T 


X 


X 


Input 


Input 


Store A and B data 


X 


H 


T 


L 


X 


X 


Input 


Unspecifiedt 


Store A, hold B 


H 


H 


T 


T 


X* 


X 


Input 


Output 


Store A in both registers 


L 


X 


L 


T 


X 


X 


Unspecifiedt 


Input 


Hold A, store B 


L 


L 


T 


T 


X 


X* 


Output 


Input 


Store B in both registers 


L 


L 


X 


X 


X 


L 


Output 


Input 


Real-time B data to A bus 


L 


L 


X 


X 


X 


H 


Output 


Input 


Stored B data to A bus 


H 


H 


X 


X 


L 


X 


Input 


Output 


Real-time A data to B bus 


H 


H 


X 


X 


H 


X 


Input 


Output 


Stored A data to B bus 


H 


L 


X 


X 


H 


H 


Output 


Output 


Stored A data to B bus and 
stored B data to A bus 



t The data-output functions can be enabled or disabled by a variety of level combinations at OEAB or OEBA. Data-input functions are always 

enabled; i.e., data at the bus pins is stored on every low-to-high transition on the clock inputs. 
$ Select control = L: clocks can occur simultaneously. 

Select control = H: clocks must be staggered to load both registers. 
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I 1 

I I 
I I 
I I 

L_L 



I I 
I I 
I I 
I I 



I — I 
I I 
I I 
I I 
J L 



I I 
I I 
I I 



i — i 
I I 
I I 
I I 

J L 



t r 

I I 

I I 

I I 
l I 



i 1 

I I 
I I 
I I 



T r 

I I 

I I 

I I 
l I 



OEAB OEBA CLKAB CLKBA SAB 
L L X X X 

REAL-TIME TRANSFER 
BUS B TO BUS A 



SBA 
L 




OEAB OEBA CLKAB CLKBA SAB 
H H X X L 

REAL-TIME TRANSFER 
BUS A TO BUSB 



SBA 
X 



OEAB OEBA CLKAB CLKBA SAB SBA 



T X 
X T 

T T 

STORAGE FROM 
A, B, OR A AND B 



OEAB OEBA CLKAB CLKBA SAB SBA 



H L X X H 

TRANSFER STORED DATA 
TO A AND/ORB 



H 



Figure 1. Bus-Management Functions 
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functional block diagram 



10EAB 



53 



10EBA 
1CLKBA 



1SBA 
1CLKAB 



1SAB 



62 VCC pg 

~55 



54 



59 



60 



1A1 
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Pin numbers shown are for the PM package. 
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Terminal Functions 


TERMINAL NAME 


DESCRIPTION 


1A1-1A9, 
2A1-2A9 


Normal-function A-bus I/O ports. See function table for normal-mode logic. 


1B1-1B9, 
2B1-2B9 


Normal-function B-bus I/O ports. See function table for normal-mode logic. 


1CLKAB, 1CLKBA, 
2CLKAB, 2CLKBA 


Normal-function clock inputs. See function table for normal-mode logic. 


GND 


Ground 


10EAB, 20EAB 


Normal-function active-high output enables. See function table for normal-mode logic. An internal pulldown at each 
terminal will force the terminal to a low level if left unconnected. 


10EBA, 20EBA 


NormaLfi motion aoti\/o-lo\A/ 01 itm it tanaoloc Qoo fi motion tahlo for normal-moHo looio An internal 01 till 10 at oarh torminal 
iwi 1 1 id) iui luuisi i ai/iivo iu« uuiljul ciiduicoi ouc iuiiouuii Lduio i\Ji iiuniidiii iuuu ivjy iks. nil iiiiciiiai jjunup di c?di/i I ici i I hi idi 

will force the terminal to a high level if left unconnected. 


iCAD 4CDA 

loAb, lobA, 
2SAB, 2SBA 


Normal-function select controls. See function table for normal-mode logic. 


TCK 


Test clock. One of fourterminals required by IEEE Standard 1 149.1-1 990. Test operations of the device are synchronous 
TCK. Data is captured on the rising edge of TCK and outputs change on the falling edge of TCK. 


TDI 


Test data input. One of four terminals required by IEEE Standard 1149.1-1990. TDI is the serial input for shifting data 
through the instruction register or selected data register. An internal pullup forces TDI to a high level if left unconnected. 


TDO 


Test data output. One of four terminals required by I EEE Standard 1 1 49.1 -1 990. TDO is the serial output for shifting data 
through the instruction register or selected data register. 


TMS 


Test mode select. One of four terminals required by IEEE Standard 1 1 49. 1 -1 990. TMS directs the device through its TAP 
controller states. An internal pullup forces TMS to a high level if left unconnected. 


vcc 


Supply voltage 



7-140 
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test architecture 

Serial-test information is conveyed by means of a 4-wire test bus or TAP that conforms to IEEE Standard 
1 1 49.1-1 990. Test instructions, test data, and test control signals all are passed along this serial-test bus. The 
TAP controller monitors two signals from the test bus, TCK and TMS. The TAP controller extracts the 
synchronization (TCK) and state control (TMS) signals from the test bus and generates the appropriate on-chip 
control signals for the test structures in the device. Figure 2 shows the TAP-controller state diagram. 

The TAP controller is fully synchronous to the TCK signal. Input data is captured on the rising edge of TCK and 
output data changes on the falling edge of TCK. This scheme ensures data to be captured is valid for fully 
one-half of the TCK cycle. 

The functional block diagram shows the IEEE Standard 1149.1-1990 4-wire test bus and boundary-scan 
architecture and the relationship among the test bus, the TAP controller, and the test registers. As shown, the 
device contains an 8-bit instruction register and four test-data registers: a 48-bit boundary-scan register, a 3-bit 
boundary-control register, a 1-bit bypass register, and a 32-bit device-identification register. 



TMS = H 



TMS = L 




Test-Logic-Reset 



> 



TMS = L 



TMS = H 



Run-Test/ldlo 




Figure 2. TAP-Controller State Diagram 
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state diagram description 

The TAP controller is a synchronous finite state machine that provides test control signals throughout the device. 
The state diagram shown in Figure 2 is in accordance with IEEE Standard 1149.1-1990. The TAP controller 
proceeds through its states based on the level of TMS at the rising edge of TCK. 

As shown, the TAP controller consists of 1 6 states. There are six stable states (indicated by a looping arrow in 
the state diagram) and ten unstable states. A stable state is defined as a state the TAP controller can retain for 
consecutive TCK cycles. Any state that does not meet this criterion is an unstable state. 

There are two main paths through the state diagram: one to access and control the selected data register and 
one to access and control the instruction register. Only one register can be accessed at a time. 

Test-Logic-Reset 

The device powers up in the Test-Logic-Reset state. In the stable Test-Logic-Reset state, the test logic is reset 
and is disabled so that the normal logic function of the device is performed. The instruction register is reset to 
an opcode that selects the optional IDCODE instruction, if supported, or the BYPASS instruction. Certain data 
registers can also be reset to their power-up values. 

The state machine is constructed such that the TAP controller returns to the Test-Logic-Reset state in no more 
than five TCK cycles if TMS is left high. The TMS pin has an internal pullup resistor that forces it high if left 
unconnected or if a board defect causes it to be open circuited. 

For the 'LVTH1 8652A and 'LVTH1 82652A, the instruction register is reset to the binary value 1 0000001 , which 
selects the IDCODE instruction. Bits 47-46 in the boundary-scan register are reset to logic 0 while bits 45-44 
are reset to logic 1 , ensuring that these cells, which control A-port and B-port outputs, are set to benign values 
(i.e., such that if test mode were invoked the outputs would be at high-impedance state). Reset values of other 
bits in the boundary-scan register should be considered indeterminate. The boundary-control register is reset 
to the binary value 01 0, which selects the PSA test operation. 

Run-Test/Idle 

The TAP controller must pass through the Run-Test/ldle state (from Test-Logic-Reset) before executing any test 
operations. The Run-Test/Idle state also can be entered following data-register or instruction-register scans. 
Run-Test/ldle is a stable state in which the test logic can be actively running a test or can be idle. The test 
operations selected by the boundary-control register are performed while the TAP controller is in the 
Run-Test/Idle state. 

Select-DR-Scan, Select-IR-Scan 

No specific function is performed in the Select-DR-Scan and Select-IR-Scan states, and the TAP controller exits 
either of these states on the next TCK cycle. These states allow the selection of either data-register scan or 
instruction-register scan. 

Capture-DR 

When a data-register scan is selected, the TAP controller must pass through the Capture-DR state. In the 
Capture-DR state, the selected data register can capture a data value as specified by the current instruction. 
Such capture operations occur on the rising edge of TCK, upon which the TAP controller exits the Capture-DR 
state. 

Shift-DR 

Upon entry to the Shift-DR state, the data register is placed in the scan path between TDI and TDO, and on the 
first falling edge of TCK, TDO goes from the high-impedance state to an active state. TDO enables to the logic 
level present in the least-significant bit of the selected data register. 
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Shift-DR (continued) 

While in the stable Shift-DR state, data is serially shifted through the selected data register on each TCK cycle. 
The first shift occurs on the first rising edge of TCK after entry to the Shift-DR state (i.e., no shifting occurs during 
the TCK cycle in which the TAP controller changes from Capture-DR to Shift-DR or from Exit2-DR to Shift-DR). 
The last shift occurs on the rising edge of TCK, upon which the TAP controller exits the Shift-DR state. 

Exit1-DR, Exit2-DR 

The Exit1-DR and Exit2-DR states are temporary states that end a data-register scan. It is possible to return 
to the Shift-DR state from either Exit1-DR or Exit2-DR without recapturing the data register. On the first falling 
edge of TCK after entry to Exit1-DR, TDO goes from the active state to the high-impedance state. 

Pause-DR 

No specific function is performed in the stable Pause-DR state, in which the TAP controller can remain 
indefinitely. The Pause-DR state suspends and resumes data-register scan operations without loss of data. 

Update-DR 

If the current instruction calls for the selected data register to be updated with current data, such update occurs 
on the falling edge of TCK, following entry to the Update-DR state. 

Capture-IR 

When an instruction-register scan is selected, the TAP controller must pass through the Capture-IR state. In 
the Capture-IR state, the instruction register captures its current status value. This capture operation occurs 
on the rising edge of TCK, upon which the TAP controller exits the Capture-IR state. For the 'LVTH1 8652A and 
'LVTH 182652 A, the status value loaded in the Capture-IR state is the fixed binary value 1 0000001 . 

Shift-IR 

Upon entry to the Shift-IR state, the instruction register is placed in the scan path between TDI and TDO, and 
on the first falling edge of TCK, TDO goes from the high-impedance state to the active state. TDO enables to 
the logic level present in the least-significant bit of the instruction register. 

While in the stable Shift-IR state, instruction data is serially shifted through the instruction register on each TCK 
cycle. The first shift occurs on the first rising edge of TCK after entry to the Shift-IR state (i.e., no shifting occurs 
during the TCK cycle in which the TAP controller changes from Capture-IR to Shift-IR or from Exit2-IR to 
Shift-IR). The last shift occurs on the rising edge of TCK, upon which the TAP controller exits the Shift-IR state. 

ExitMR, Exit2-IR 

The Exit1-IR and Exit2-IR states are temporary states that end an instruction-register scan. It is possible to 
return to the Shift-IR state from either Exit1-IR or Exit2-IR without recapturing the instruction register. On the 
first falling edge of TCK after entry to Exit1-IR, TDO goes from the active state to the high-impedance state. 

Pause-IR 

No specific function is performed in the stable Pause-IR state, in which the TAP controller can remain 
indefinitely. The Pause-IR state suspends and resumes instruction-register scan operations without loss of 
data. 

Update-IR 

The current instruction is updated and takes effect on the falling edge of TCK, following entry to the Update-IR 
state. 
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register overview 

With the exception of the bypass and device-identification registers, any test register can be thought of as a 
serial-shift register with a shadow latch on each bit. The bypass and device identification registers differ in that 
they contain only a shift register. During the appropriate capture state (Capture-IR for instruction register, 
Capture-DR for data registers), the shift register can be parallel loaded from a source specified by the current 
instruction. During the appropriate shift state (Shift-IR or Shift-DR), the contents of the shift register are shifted 
out from TDO while new contents are shifted in at TDI. During the appropriate update state (Update-IR or 
Update-DR), the shadow latches are updated from the shift register. 

instruction register description 

The instruction register (IR) is eight bits long and tells the device what instruction is to be executed. Information 
contained in the instruction includes the mode of operation (either normal mode, in which the device performs 
its normal logic function, or test mode, in which the normal logic function is inhibited or altered), the test operation 
to be performed, which of the four data registers is to be selected for inclusion in the scan path during 
data-register scans, and the source of data to be captured into the selected data register during Capture-DR. 

Table 3 lists the instructions supported by the 'LVTH18652A and 'LVTH182652A. The even-parity feature 
specified for SCOPE™ devices is supported in this device. Bit 7 of the instruction opcode is the parity bit. Any 
instructions that are defined for SCOPE™ devices but are not supported by this device default to BYPASS. 

During Capture-IR, the IR captures the binary value 1 0000001 . As an instruction is shifted in, this value is shifted 
out via TDO and can be inspected as verification that the IR is in the scan path. During Update-IR, the value 
that has been shifted into the IR is loaded into shadow latches. At this time, the current instruction is updated 
and any specified mode change takes effect. At power up or in the Test-Logic-Reset state, the IR is reset to the 
binary value 10000001 , which selects the IDCODE instruction. The IR order of scan is shown in Figure 3. 
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— ► 
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Figure 3. Instruction Register Order of Scan 
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data register description 
boundary-scan register 

The boundary-scan register (BSR) is 48 bits long. It contains one boundary-scan cell (BSC) for each 
normal-function input pin and one BSC for each normal-function I/O pin (one single cell for both input data and 
output data). The BSR is used 1) to store test data that is to be applied externally to the device output pins, 
and/or 2) to capture data that appears internally at the outputs of the normal on-chip logic and/or externally at 
the device input pins. 

The source of data to be captured into the BSR during Capture-DR is determined by the current instruction. The 
contents of the BSR can change during Run-Test/Idle, as determined by the current instruction. At power up 
or in Test-Logic-Reset, BSCs 47-46 are reset to logic 0 while BSCs 45-44 are reset to logic 1 , ensuring that 
these cells, which control A-port and B-port outputs, are set to benign values (i.e., if test mode were invoked 
the outputs would be at high-impedance state). Reset values of other BSCs should be considered 
indeterminate. 

The BSR order of scan is from TDI through bits 47-0 to TDO. Table 1 shows the BSR bits and their associated 
device pin signals. 



Table 1. Boundary-Scan Register Configuration 



BSR BIT 
NUMBER 


DEVICE 
SIGNAL 


BSR BIT 
NUMBER 


DEVICE 
SIGNAL 


BSR BIT 
NUMBER 


DEVICE 
SIGNAL 


47 


20EAB 


35 


2A9-I/0 


17 


2B9-I/0 


46 


10EAB 


34 


2A8-I/0 


16 


2B8-I/0 


45 


20EBA 


33 


2A7-I/0 


15 


2B7-I/0 


44 


10EBA 


32 


2A6-I/0 


14 


2B6-I/0 


43 


2CLKAB 


31 


2A5-I/0 


13 


2B5-I/0 


42 


1CLKAB 


30 


2A4-I/0 


12 


2B4-I/0 


41 


2CLKBA 


29 


2A3-I/0 


11 


2B3-I/0 


40 


1CLKBA 


28 


2A2-I/0 


10 


2B2-I/0 


39 


2SAB 


27 


2A1-I/0 


9 


2B1-I/0 


38 


1SAB 


26 


1A9-I/0 


8 


1B9-I/0 


37 


2SBA 


25 


1A8-I/0 


7 


1B8-I/0 


36 


1SBA 


24 


1A7-I/0 


6 


1B7-I/0 






23 


1A6-I/0 


5 


1B6-I/0 






22 


1A5-I/0 


4 


1B5-I/0 






21 


1A4-I/0 


3 


1B4-I/0 






20 


1A3-I/0 


2 


1B3-I/0 






19 


1A2-I/0 


1 


1B2-I/0 






18 


1A1-I/0 


0 


1B1-I/0 
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boundary-control register 

The boundary-control register (BCR) is three bits long. The BCR is used in the context of the RUNT instruction 
to implement additional test operations not included in the basic SCOPE™ instruction set. Such' operations 
include PRPG, PSA, and binary count up (COUNT). Table 4 shows the test operations that are decoded by the 
BCR. 

During Capture-DR, the contents of the BCR are not changed. At power up or in Test-Logic-Reset, the BCR is 
reset to the binary value 010, which selects the PSA test operation. The BCR order of scan is shown in 
Figure 4. 



TDI 




► TDO 



Figure 4. Boundary-Control Register Order of Scan 
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The bypass register is a 1-bit scan path that can be selected to shorten the length of the system scan path, 
reducing the number of bits per test pattern that must be applied to complete a test operation. During 
Capture-DR, the bypass register captures a logic 0. The bypass register order of scan is shown in 
Figure 5. 



TDI 




► TDO 



Figure 5. Bypass Register Order of Scan 
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device-identification register 

The device-identification register (IDR) is 32 bits long. It can be selected and read to identify the manufacturer, 
part number, and version of this device. 

For the 'LVTH18652A, the binary value 00100000000000011111000000101111 (2001 F02F, hex) is captured 
(during Capture-DR state) in the device-identification register to identify this device as Texas Instruments 
SN54/74LVTH18652A. 

For the 'LVTH1 82652A, the binary value 001 000000000001 001 000000001 01 1 1 1 (2002402F, hex) is captured 
(during Capture-DR state) in the device-identification register to identify this device as Texas Instruments 
SN54/74LVTH182652A. 

The device-identification register order of scan is from TDI through bits 31-0 to TDO. Table 2 shows the 
device-identification register bits and their significance. 



Table 2. Device-Identification Register Configuration 



IDR BIT 
NUMBER 


IDENTIFICATION 
SIGNIFICANCE 


IDR BIT 
NUMBER 


IDENTIFICATION 
SIGNIFICANCE 


IDR BIT 
NUMBER 


IDENTIFICATION 
SIGNIFICANCE 


31 


VERSION3 


27 


PARTNUMBER15 


11 


MANUFACTURERIOt 


30 


VERSION2 


26 


PARTNUMBER14 


10 


MANUFACTURER09T 


29 


VERSION 1 


25 


PARTNUMBER13 


9 


MANUFACTURER08T 


28 


VERSION0 


24 


PARTNUMBER12 


8 


MANUFACTURER07T 






23 


PARTNUMBER11 


7 


MANUFACTURER06T 






22 


PARTNUMBER10 


6 


MANUFACTURER05T 






21 


PARTNUMBER09 


5 


MANUFACTURER04T 






20 


PARTNUMBER08 


4 


MANUFACTURER03T 






19 


PARTNUMBER07 


3 


MANUFACTURER02T 






18 


PARTNUMBER06 


2 


MANUFACTURER01T 






17 


PARTNUMBER05 


1 


MANUFACTURER00T 






16 


PARTNUMBER04 


0 


LOGIC1T 






15 


PARTNUMBER03 










14 


PARTNUMBER02 










13 


PARTNUMBER01 










12 


PARTNUMBER00 







t Note that for Tl products, bits 11-0 of the device-identification register always contain the binary value 000000101111 
(02F, hex). 
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instruction-register opcode description 

The instruction-register opcodes are shown in Table 3. The following descriptions detail the operation of each 
instruction. 



Table 3. Instruction-Register Opcodes 



BINARY CODEt 

PIT 7 HIT fi 
Dl 1 / — ? Dl 1 U 

MSB -> LSB 


gwUrc UrV/UUc 


nPQf*niDTir>M 

UCOvnlr 1 IwIN 


SELECTED DATA 
REGISTER 


MODE 


00000000 


EXTEST 


Boundary scan 


Boundary scan 


Test 


10000001 


IDCODE 


Identification read 


Device identification 


Normal 


10000010 


SAMPLE/PRELOAD 


Sample boundary 


Boundary scan 


Normal 


00000011 


BYPASS* 


Bypass scan 


Bypass 


Normal 


10000100 


BYPASS* 


Bypass scan 


Bypass 


Normal 


00000101 


BYPASS* 


Bypass scan 


Bypass 


Normal 


00000110 


HIGHZ 


Control boundary to high impedance 


Bypass 


Modified test 


10000111 


CLAMP 


Control boundary to 1/0 


Bypass 


Test 


10001000 


BYPASS* 


Bypass scan 


Bypass 


Normal 


00001001 


RUNT 


Boundary run test 


Bypass 


Test 


00001010 


READBN 


Boundary read 


Boundary scan 


Normal 


10001011 


READBT 


Boundary read 


Boundary scan 


Test 


00001100 


CELLTST 


Boundary self test 


Boundary scan 


Normal 


10001101 


TOPHIP 


Boundary toggle outputs 


Bypass 


Test 


10001110 


SCANCN 


Boundary-control register scan 


Boundary control 


Normal 


00001111 


SCANCT 


Boundary-control register scan 


Boundary control 


Test 


All others 


BYPASS 


Bypass scan 


Bypass 


Normal 



t Bit 7 is used to maintain even parity in the 8-bit instruction. 

*The BYPASS instruction is executed in lieu of a SCOPE™ instruction that is not supported in the 'LVT18652 or 'LVT182652. 



boundary scan 

This instruction conforms to the IEEE Standard 1149.1-1990 EXTEST instruction. The BSR is selected in the 
scan path. Data appearing at the device input and I/O pins is captured in the associated BSCs. Data that has 
been scanned into the I/O BSCs for pins in the output mode is applied to the device I/O pins. Data present at 
the device pins, except for output enables, is passed through the BSCs to the normal on-chip logic. For I/O pins, 
the operation of a pin as input or output is determined by th e conte nts of the output-enable BSCs (bits 47-44 
of the BSR). When a given output enable is active (logic 0 for OEBA, logic 1 forOEAB),the associated I/O pins 
operate in the output mode. Otherwise, the I/O pins operate in the input mode. The device operates in the test 
mode. 

identification read 

This instruction conforms to the IEEE Standard 1149.1-1990 IDCODE instruction. The device identification 
register is selected in the scan path. The device operates in the normal mode. 

sample boundary 

This instruction conforms to the IEEE Standard 1149.1-1990 SAMPLE/PRELOAD instruction. The BSR is 
selected in the scan path. Data appearing at the device input pins and I/O pins in the input mode is captured 
in the associated BSCs, while data appearing at the outputs of the normal on-chip logic is captured in the BSCs 
associated with I/O pins in the output mode. The device operates in the normal mode. 
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bypass scan 

This instruction conforms to the IEEE Standard 1149.1-1990 BYPASS instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. The device 
operates in the normal mode. 

control boundary to high Impedance 

This instruction conforms to the IEEE Standard 11 49.1 a-1 993 HIGHZ instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. The device 
operates in a modified test mode in which all device I/O pins are placed in the high-impedance state, the device 
input pins remain operational, and the normal on-chip logic function is performed. 

control boundary to 1/0 

This instruction conforms to the IEEE Standard 11 49.1 a-1 993 CLAMP instruction. The bypass register is 
selected in the scan path. A logic 0 value is captured in the bypass register during Capture-DR. Data in the I/O 
BSCs for pins in the output mode is applied to the device I/O pins. The device operates in the test mode. 

boundary-run test 

The bypass register is selected in the scan path. A logic 0 value is captured in the bypass register during 
Capture-DR. The device operates in the test mode. The test operation specified in the BCR is executed during 
Run-Test/ldle. The five test operations decoded by the BCR are: sample inputs/toggle outputs (TOPSIP), 
PRPG, PSA, simultaneous PSA and PRPG (PSA/PRPG), and simultaneous PSA and binary count up 
(PSA/COUNT). 

boundary read 

The BSR is selected in the scan path. The value in the BSR remains unchanged during Capture-DR. This ^ 
instruction is useful for inspecting data after a PSA operation. q_ 

boundary self test 

The BSR is selected in the scan path. All BSCs capture the inverse of their current values during Capture-DR. O 

In this way, the contents of the shadow latches can be read out to verify the integrity of both shift-register and ZD 

shadow-latch elements of the BSR. The device operates in the normal mode. Q 

boundary toggle outputs 

The bypass register is selected in the scan path. A logic 0 value is captured in the bypass register during 
Capture-DR. Data in the shift-register elements of the selected output-mode BSCs is toggled on each rising 
edge of TCK in Run-Test/ldle and is then updated in the shadow latches and applied to the associated device 
I/O pins on each falling edge of TCK in Run-Test/ldle. Data in the input-mode BSCs remains constant. Data 
appearing at the device input or I/O pins is not captured in the input-mode BSCs. The device operates in the 
test mode. 

boundary-control-register scan 

The BCR is selected in the scan path. The value in the BCR remains unchanged during Capture-DR. This 
operation must be performed before a boundary-run test operation to specify which test operation is to be 
executed. 
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boundary-control-register opcode description 

The BCR opcodes are decoded from BCR bits 2-0 as shown in Table 4. The selected test operation is performed 
while the RUNT instruction is executed in the Run-Test/Idle state. The following descriptions detail the operation 
of each BCR instruction and illustrate the associated PSA and PRPG algorithms. 



Table 4. Boundary-Control Register Opcodes 



BINARY CODE 
BIT 2 -» BIT 0 
MSB -> LSB 


DESCRIPTION 


XOO 


Sample inputs/toggle outputs (TOPSIP) 


X01 


Pseudo-random pattern generation/36-bit mode (PRPG) 


X10 


Parallel-signature analysis/36-bit mode (PSA) 


011 


Simultaneous PSA and PRPG/1 8-bit mode (PSA/PRPG) 


111 


Simultaneous PSA and binary count up/18-bit mode (PSA/COUNT) 



While the control input BSCs (bits 47-36) are not included in the toggle, PSA, PRPG, or COUNT algorithms, 
the output-enable BSCs (bits 47-44 of the BSR) control the drive state (active or high impedance) of the selected 
device output pins. These BCR instructi ons are only valid when both b ytes of the device are operating in one 
direction of data flow (that is, 10EAB = 1 0EBA a nd 20EAB = 20EBA) and in the same direction of data flow 
(that is, 10EAB = 20EAB and 10EBA = 20EBA). Otherwise, the bypass instruction is operated. 

sample Inputs/toggle outputs (TOPSIP) 

Data appearing at the selected device input-mode I/O pins is captured in the shift-register elements of the 
associated BSCs on each rising edge of TCK. Data in the shift-register elements of the selected output-mode 
BSCs is toggled on each rising edge of TCK, updated in the shadow latches, and applied to the associated 
device I/O pins on each falling edge of TCK. 
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pseudo-random pattern generation (PRPG) 

A pseudo-random pattern is generated in the shift-register elements of the selected BSCs on each rising edge 
of TCK, updated in the shadow latches, and applied to the associated device output-mode I/O pins on each 
falling edge of TCK. Figures 6 and 7 illustrate the 36-bit linear-feedback shift-register algorithms through which 
the patterns are generated. An initial seed value should be scanned into the BSR prior to performing this 
operation. A seed value of all zeroes will not produce additional patterns. 
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Figure 6. 36-Bit PRPG Configuration (10EAB = 20EAB = 1, 10EBA = 20EBA = 1) 
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Figure 7. 36-Bit PRPG Configuration (10EAB = 20EAB = 0, 10EBA = 20EBA = 0) 
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parallel-signature analysis (PSA) 

Data appearing at the selected device input-mode I/O pins is compressed into a 36-bit parallel signature in the 
shift-register elements of the selected BSCs on each rising edge of TCK. Data in the shadow latches of the 
selected output-mode BSCs remains constant and is applied to the associated device I/O pins. Figures 8 and 9 
illustrate the 36-bit linear-feedback shift-register algorithms through which the signature is generated. An initial 
seed value should be scanned into the BSR before performing this operation. 
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Figure 8. 36-Bit PSA Configuration (10EAB = 20EAB = 1, 10EBA = 20EBA = 1) 
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Figure 9. 36-Bit PSA Configuration (10EAB = 20EAB = 0, 10EBA = 20EBA = 0) 
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simultaneous PSA and PRPG (PSA/PRPG) 

Data appearing at the selected device input-mode I/O pins is compressed into an 18-bit parallel signature in 
the shift-register elements of the selected input-mode BSCs on each rising edge of TCK. At the same time, an 
1 8-bit pseudo-random pattern is generated in the shift-register elements of the selected output-mode BSCs on 
each rising edge of TCK, updated in the shadow latches, and applied to the associated device I/O pins on each 
falling edge of TCK. Figures 10 and 11 illustrate the 18-bit linear-feedback shift-register algorithms through 
which the signature and patterns are generated. An initial seed value should be scanned into the BSR before 
performing this operation. A seed value of all zeroes will not produce additional patterns. 
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Figure 10. 18-Bit PSA/PRPG Configuration (10EAB = 20EAB = 1, 10EBA = 20EBA = 1) 
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Figure 11. 18-Bit PSA/PRPG Configuration (10EAB = 20EAB = 0, 10EBA = 20EBA = 0) 



7-156 



ffr Texas 
Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 



SN54LVTH18652A, SN54LVTH182652A, SN74LVTH18652A, SN74LVTH182652A 

3.3-V ABT SCAN TEST DEVICES 
WITH 18-BIT TRANSCEIVERS AND REGISTERS 



SCBS312B- MARCH 1994 - REVISED JULY 1996 



simultaneous PSA and binary count up (PSA/COUNT) 

Data appearing at the selected device input-mode I/O pins is compressed into an 18-bit parallel signature in 
the shift-register elements of the selected input-mode BSCs on each rising edge of TCK. At the same time, an 
1 8-bit binary count-up pattern is generated in the shift-register elements of the selected output-mode BSCs on 
each rising edge of TCK, updated in the shadow latches, and applied to the associated device I/O pins on each 
falling edge of TCK. Figures 12 and 13 illustrate the 18-bit linear-feedback shift-register algorithms through 
which the signature is generated. An initial seed value should be scanned into the BSR before performing this 
operation. 
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Figure 12. 18-Bit PSA/COUNT Configuration (10EAB = 20EAB = 1, 10EBA = 20EBA = 1) 
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Figure 13. 18-Bit PSA/COUNT Configuration (10EAB = 20EAB = 0, 10EBA = 20EBA = 0) 
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timing description 

All test operations of the 'LVTH1 8652A and 'LVTH 182652 A are synchronous to the TCK signal. Data on the TDI, 
TMS, and normal-function inputs is captured on the rising edge of TCK. Data appears on the TDO and 
normal-function output pins on the falling edge of TCK. The TAP controller is advanced through its states (as 
shown in Figure 2) by changing the value of TMS on the falling edge of TCK and then applying a rising edge 
to TCK. 

A simple timing example is shown in Figure 14. In this example, the TAP controller begins in the 
Test-Logic-Reset state and is advanced through its states as necessary to perform one instruction-register scan 
and one data-register scan. While in the Shift-IR and Shift-DR states, TDI is used to input serial data, and TDO 
is used to output serial data. The TAP controller is then returned to the Test-Logic-Reset state. Table 5 explains 
the operation of the test circuitry during each TCK cycle. 



Table 5. Explanation of Timing Example 



TCK 
CYCLE(S) 


TAP QTATP 

IMr J In 1 I— 

AFTER TCK 


DESCRIPTION 


1 


Test-Logic-Reset 


TMS is changed to a logic 0 value on the falling edge of TCK to begin advancing the TAP controller toward 
the desired state. 


2 


Run-Test/ldle 




3 


Select-DR-Scan 




4 


Select-IR-Scan 




5 


Capture-IR 


The IR captures the 8-bit binary value 10000001 on the rising edge of TCK as the TAP controller exits the 
Capture-IR state. 


6 


Shift-IR 


TDO becomes active and TDI is made valid on the falling edge of TCK. The first bit is shifted into the TAP 
on the rising edge of TCK as the TAP controller advances to the next state. 


7-13 


Shift-IR 


One bit is shifted into the IR on each TCK rising edge. With TDI held at a logic 1 value, the 8-bit binary value 
1 1 1 1 1 1 1 1 is serially scanned into the IR. At the same time, the 8-bit binary value 1 0000001 is serially scanned 
out of the IR via TDO. In TCK cycle 13, TMS is changed to a logic 1 value to end the IR scan on the next 
TCK cycle. The last bit of the instruction is shifted as the TAP controller advances from Shift-IR to Exit1-IR. 


14 


ExitMR 


TDO becomes inactive (goes to the high-impedance state) on the falling edge of TCK. 


15 


Update-IR 


The IR is updated with the new instruction (BYPASS) on the falling edge of TCK. 


16 


Select-DR-Scan 




17 


Capture-DR 


The bypass register captures a logic 0 value on the rising edge of TCK as the TAP controller exits the 
Capture-DR state. 


18 


Shift-DR 


TDO becomes active and TDI is made valid on the falling edge of TCK. The first bit is shifted into the TAP 
on the rising edge of TCK as the TAP controller advances to the next state. 


19-20 


Shift-DR 


The binary value 101 is shifted in via TDI, while the binary value 010 is shifted out via TDO. 


21 


Exit1-DR 


TDO becomes inactive (goes to the high-impedance state) on the falling edge of TCK. 


22 


Update-DR 


In general, the selected data register is updated with the new data on the falling edge of TCK. 


23 


Select-DR-Scan 




24 


Select-IR-Scan 




25 


Test-Logic-Reset 


Test operation completed 
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Figure 14. Timing Example 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, V<x -°- 5 v t0 4 - 6 v 

Input voltage range, V| (see Note 1) -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq (see Note 1 ) — -0.5 V to 7 V 

Current into any output in the low state, lo: SN54LVTH1 8652A 96 m A 

SN54LVTH182652A(AportorTDO) 96 mA 

SN54LVTH182652A(Bport) 30 mA 

SN74LVTH18652A 128 mA 

SN74LVTH182652A(AportorTDO) 128 mA 

SN74LVTH182652A(Bport) 30 mA 

Current into any output in the high state, lo (see Note 2): SN54LVTH18652A 48 mA 

SN54LVTH182652A(AportorTDO) .... 48mA 

SN54LVTH182652A(Bport) 30 mA 

SN74LVTH18652A 64 mA 

SN74LVTH182652A(AportorTDO) .... 64mA 

SN74LVTH182652A(Bport) 30 mA 

Input clamp current, Iik ( v l < °) ~ 50 mA 

Output clamp current, Iok ( v 0 < °) ~ 50 mA 

Maximum power dissipation at T/\ = 55°C (in still air) (see Note 3): PM package 1 W 

Storage temperature range, T stg -65°C to 1 50°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1 . The input and output negative-voltage ratings can be exceeded if the input and output clamp-current ratings are observed. 

2. This current will only flow when the output is in the high state and Vrj > Vrjc- 

3. The maximum package power dissipation is calculated using a junction temperature of 150°C and a board trace length of 75 mils. 
For more information, refer to the Package Thermal Considerations application note in the ABT Advanced BiCMOS Technology Data 
Book, literature number SCBD002. 
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recommended operating conditions 









SN54LVTH18652A 


SN74LVTH18652A 


UNIT 








MIN 


MAX 


MIN 


MAX 




Supply voltage 




2.7 


3.6 


2.7 


3.6 


V 


V|H 


High-level input voltage 




2 


2 


V 


V|L 


Low-level input voltage 




0.8 


0.8 


V 


V| 


Input voltage 




5.5 


5.5 


V 


'OH 


High-level output current 




-24 


-32 


mA 


lOL 


Low-level output current 




24 


32 


mA 


l0L f 


Low-level output current 




48 


64 


mA 


At/Av 


Input transition rise or (all rate 


Outputs enabled 


10 


10 


ns/V 


TA 


Operating free-air temperature 




-55 


125 


-40 


85 


°C 



t Current duty cycle < 50%, f > 1 kHz 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (see Note 4) 



PARAMETER 


TEST CONDITIONS 


SN54LVTH18652A 


SN74LVTH18652A 


UNIT 


MIN TYPt MAX 


MIN TYPt MAX 


V|K 


VcC=2.7V, l| = -18mA 


-1.2 


-1.2 


V 


VOH 


Vcc = MINtoMAXt, loH="100^ A 


VcC-0-2 


Vcc-0.2 


V 


V C C=2.7V, l 0 H=-3mA 


2.4 


2.4 


V C C = 3V 


lOH = -8 mA 


2.4 


2.4 


'OH = ~ 24 mA 


2 




lOH = -32 mA 




2 


vol 


V C C=2.7V 


IOL= 100jiA 


0.2 


0.2 


V 


Iql = 24 mA 


0.5 


0.5 


V C C = 3V 


Iql= 16 mA 


0.4 


0.4 


lOL - 32 mA 


0.5 


0.5 


lOL = 4 8 mA 


0.55 




Iql = 64 mA 




0.55 


ii 


Vcc=3.6V, V|=V C corGND 


CLK, S, TCK 


±1 


+1 


uA 


Vqc - 0 or MAX *. v l = 55 v 


10 


10 


V C C = 3.6V 


V| = 5.5 V 




50 


50 


V| = V CC 


OEBA, TDI, 
TMS 


1 


1 


V| = 0 


-25 -100 


-25 -100 


V| = 5.5 V 


OEAB 


35 150 


35 150 


uA 


V|=V CC 


25 100 


25 100 


V| = 0 


-5 


-5 


V| = 5.5 V 


A or B ports§ 


20 


20 


uA 


V|=V CC 


1 


1 


V| = 0 


-5 


-5 


'off 


Vqc = 0, V| or Vq = 0 to 4.5 V 




±100 


uA 


'l(hold) 11 


V C C=3V 


V| = 0.8 V 


A or B ports 


10 


1 0 


uA 


V| = 2V 


-75 


-75 


'OZH 


Vcc = 3.6 V, Vo = 3 V 


TDO 


1 


1 


MA 


'OZL 


Vcc = 3.6V, Vo = 0.5V 


TDO 


-1 


-1 


uA 


■ozpu 


Vcc = 0to1.5V, Vo = 0.5Vor3V 


TDO 


±50 


±50 


lA 


'OZPD 


Vcc = 1-5 V toO, V o = 0.5Vor3V 


TDO 


+50 


±50 


uA 


ice 


Vcc = 3.6V,lo = 0, 
V| = Vcc or GND 


Outputs high 


2 


2 


mA 


Outputs low 


30 


30 


Outputs 
disabled 


2 


2 


Alcc # 


Vcc = 3 V to 3.6 V, One input at Vcc - 0-6 V, 
Other inputs at Vcc or G ND 


0.2 


0.2 


mA 


Cj 


V| = 3Vor0 


4 


4 


PF 


Cj 0 


Vo - 3 V or 0 


11 


11 


PF 


Co 


Vo = 3Vor0 


8 


8 


PF 



t All typical values are at Vcc = 3.3 V, Ta = 25°C 

t- For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
§ Unused pins at Vcc or GND 

H The parameter l|(hold) includes the off-state output leakage current. 

#This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 
NOTE 4: Product preview specifications are design goals only and are subject to change without notice. 
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timing requirements over recommended operating free-air temperature range (unless otherwise 
noted) (normal mode) (see Note 4 and Figure 15) 





SN54LVTH18652A 


SN74LVTH18652A 


UNIT 


VrjC = 3.3 V 
±0.3V 


V C C = 2.7 V 


V C C = 3.3 V 
±0.3V 


V C C = 2.7V 


MIN MAX 


MIN MAX 


MIN MAX 


MIN MAX 


'clock Clock frequency 


CLKAB or CLKBA 






0 100 




MHz 


t w Pulse duration 


CLKAB or CLKBA high or low 






5 




ns 


t su Setup time 


A before CLKABt or 
B before CLKBAT 






4 




ns 


t n Hold time 


A after CLKABt or 
B after CLKBAt 






1 




ns 



timing requirements over recommended operating free-air temperature range (unless otherwise 
noted) (test mode) (see Note 4 and Figure 15) 









SN54LVTH18652A 


SN74LVTH18652A 










V C C = 3.3 V 
±0.3V 


Vcc = 2.7 V 


V C c = 3.3 V 
' ±0.3V 


V C C = 2.7 V 


UNIT 








MIN MAX 


MIN MAX 


MIN MAX 


MIN MAX 




'clock 


Clock frequency 


TCK 






0 50 




MHz 


t w 


Pulse duration 


TCK high or low 






9.5 




ns 




Setup time 


A, B, CLK, OEAB, OEBA or S 
before TCKt 






6.5 






tsu 


TDI before TCKt 






2.5 




ns 






TMS before TCKt 






2.5 






th 


Hold time 


A, B, CLK, OEAB, OEBA or S 
after TCKt 






1.5 






TDI after TCKt 






1.5 




ns 






TMS after TCKt 






1.5 






td 


Delay time 


Power up to TCKt 






50 




ns 


tr 


Rise time 


Vcc power up 






1 




US 



NOTE 4: Product preview specifications are design goals only and are subject to change without notice. 
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switching characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (normal mode) (see Note 4 and Figure 15) 









SN54LVTH18652A 


SN74LVTH18652A 




PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


Vcc = 3.3 V 
±0.3 V 


V C C = 2.7 V 


V C C = 3.3 V 
±0.3V 


V C C = 2.7 V 


UNIT 








MIN MAY 
mill IY1M A 


MIN MAY 


MIN 


MAX 


MIN MAY 

lYH M IVIMA 




'max 


CLKAB or CLKBA 








100 




MHz 


tDI U 


AorB 


B or A 






1.5 


6 




ns 


tPHL 






1.5 


6 




tPLH 


CLKAB or CLKBA 


BorA 






1.5 


7 




ns 


tPHL 






1.5 


7 




tPLH 


SAB or SBA 


BorA 






1.5 


8 




ns 


tPHL 






1.5 


8 




tPZH 


OEAB or OEBA 


BorA 






2 


10 




ns 


tpZL 






2 


10 




tPHZ 


OEAB or OEBA 


BorA 






1.5 


11 




ns 


tPLZ 






1.5 


11 





switching characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (test mode) (see Note 4 and Figure 15) 









SN54LVTH18652A 


SN74LVTH18652A 




PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V C C = 3.3 V 
±0.3V 


V C C = 2.7 V 


V C C = 3.3 V 
±0.3V 


V C C = 2.7 V 


UNIT 








MIN MAX 


MIN MAX 


MIN 


MAX 


MIN MAX 




'max 


TCK 








50 




MHz 


tPLH 


TCK-l 


AorB 






2.5 


15 




ns 


tPHL 






2.5 


15 




tPLH 


TCKi 


TDO 






1.5 


7 




ns 


tPHL 






1.5 


7 




tPZH 


TCKi 


AorB 






3 


18 




ns 


tpZL 






3 


18 




tPZH 


TCKi 


TDO 






1.5 


7 




ns 


!PZL 






1.5 


7 




tPHZ 


TCKi 


AorB 






3 


19 




ns 


*PLZ 






3 


19 




<PHZ 


TCKi 


TDO 






1.5 


8 




ns 


tPLZ 






1.5 


8 





NOTE 4: Product preview specifications are design goals only and are subject to change without notice. 
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recommended operating conditions 









SN54LVTH182652A 


SN74LVTH182652A 


UNIT 








MIN 


MAX 


MIN 


MAX 


vcc 


Supply voltage 




2.7 


3.6 


2.7 


3.6 


V 


V|H 


High-level input voltage 




2 


2 


V 


V|L 


Low-level input voltage 




0.8 


0.8 


V 


V| 


Input voltage 




5.5 


5.5 


V 


lOH 


High-level output current 


A port, TDO 


-24 


-32 


mA 


Bport 


-12 


-12 


'OL 


Low-level output current 


A port, TDO 


24 


32 


mA 


Bport 


12 


12 


lOL* 


Low-level output current 


A port, TDO 


48 


64 


mA 


At/Av 


Input transition rise or fall rate 


Outputs enabled 


10 


10 


ns/V 


ta 


Operating free-air temperature 




-55 


125 


-40 


85 


°C 



t Current duty cycle < 50%, f > 1 kHz 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (see Note 4) 



PARAMETER 


TEST CONDITIONS 


Ori9"tk»V 1 n lw£Uw£n 


QN7/.LVTH A MRV> A 
oni tuv i n io£Uu&n 


UNIT 


MIN TYPt MAY 
IVIIrl 1 Irl fYlM A 


MIN TYPt MAY 
mill 1 irl IVIMA 


V|K 


Vcc=2.7V, l|--18mA 


_1 0 


_1 9 
— I *c. 


V 


Voh 


V C C = MIN to MAX*, Iqh = "1 00 jiA 


a ****** rnrs 
A port, TDO 


VCC "-^ 


w___n 9 
V CC u -' 2 


V 


V C C=2.7V, Iqh -~3mA 


9 A 


9 A 


V C C=3V 


lOH =» -8 mA 


2 4 


9 A 


'OH = -24 mA 


o 




lOH = -32 mA 




2 


Iqh - -12 mA 


B port 


2 


2 


vol 


V C C = 2.7V 


Id - 100 nA 


A port, TDO 


0 2 


0 2 


V 


lOL = 24 mA 


0 5 


0.5 


V C C=3V 


lOL = 16 mA 


0.4 


0.4 


lOL - 32 mA 


0.5 


0.5 


lOL - 48 mA 


0.55 




lOL ™ 64 mA 




0.55 


Iql= 12 mA 


B port 


0.8 


0.8 


i, 


V C C-3.6V, V|-VccorGND 


CLK, S, TCK 


±\ 


±-| 


ii A 


Vcc = 0 or MAX*, V| = 5.5 V 


10 


10 


V CC = 3.6V 


V| = 5.5 V 




50 


50 


V| = V CC 


OEBA, TDI, 
TMS 


■) 


•| 


V| = 0 


—25 —1 00 


—25 —1 00 


V| = 5.5 V 


OEAB 


35 150 


35 150 


V|=V CC 


25 100 


25 100 


V| = 0 


-5 


-5 


V| = 5.5 V 


A or B ports§ 


20 


20 


V|=V C C 


■| 


1 


V| = 0 


-5 


-5 


'off 


Vcc - 0, V| or Vq - 0 to 4.5 V 




±100 


HA 


'l(hold) 11 


V C C = 3V 


V| « 0.8 V 


A or B ports 


75 


75 


HA 


V|=2V 


-75 


-75 


lOZH 


Vcc - 3.6 V, V 0 - 3 V 


TDO 


1 


1 


HA 


>OZL 


V C C = 3.6 V, V 0 - 0.5 V 


TDO 


-1 


-1 


HA 


lOZPU 


Vcc = 0 to 1.5 V, Vo = 0.5Vor3V 


TDO 


±50 


+50 


HA 


'OZPD 


Vcc = 1-5 V toO, Vo = 0.5Vor3V 


TDO 


±50 


±50 


HA 


ice 


Vcc-3.6V,l O -0, 
V| = V CC or GND 


Outputs high 


2 


2 


mA 


Outputs low 


35 


35 


Outputs 
disabled 


2 


2 


Alec* 


Vcc - 3 V to 3.6 V, One input at Vcc - 0-6 V, 
Other inputs at Vcc or G ND 


0.2 


0.2 


mA 



t All typical values are at Vcc = 3-3 V, Ta = 25°C. 

$ For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
§ Unused pins at Vcc or GND 

It The parameter l|(hold) includes the off-state output current. 

# This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or END- 
NOTE 4: Product preview specifications are design goals only and are subject to change without notice. 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (see Note 4) 



PARAMETER 


TEST CONDITIONS 


SN54LVTH182652A 


SN74LVTH182652A 


UNIT 


MIN TYPt MAX 


MIN TYPt MAX 


Cj 


V| = 3 V or 0 


4 


4 


PF 


Cj 0 


Vq = 3 V or 0 


11 


11 


PF 


C 0 


Vq = 3 V or 0 


8 


8 


PF 



t All typical values are at Vcc = 3 - 3 v . T A = 25 ° c - 

NOTE 4: Product preview specifications are design goals only and are subject to change without notice. 



timing requirements over recommended operating free-air temperature range (unless otherwise 
noted) (normal mode) (see Note 4 and Figure 15) 





SN54LVTH182652A 


SN74LVTH182652A 


UNIT 


Vqc = 3.3 V 
±0.3V 


V C C = 2.7 V 


Vcc = 3.3 V 
±0.3V 


V C C = 2.7 V 


MIN MAX 


MIN MAX 


MIN MAX 


MIN MAX 


'clock Clock frequency 


CLKAB orCLKBA 






0 100 




MHz 


t w Pulse duration 


CLKAB or CLKBA high or low 






5 




ns 


t su Setup time 


A before CLKABt or 
B before CLKBAt 






4 




ns 


t n Hold time 


A after CLKABT or 
B after CLKBAt 






1 




ns 



timing requirements over recommended operating free-air temperature range (unless otherwise 
noted) (test mode) (see Note 4 and Figure 15) 









SN54LVTH182652A 


SN74LVTH182652A 










V C C = 3.3 V 
±0.3V 


V C C = 2.7 V 


V C C = 3.3 V 
±0.3V 


V C C = 2.7 V 


UNIT 








MIN MAX 


MIN MAX 


MIN MAX 


MIN MAX 




'clock 


Clock frequency 


TCK 






0 50 




MHz 


tw 


Pulse duration 


TCK high or low 






9.5 




ns 




Setup time 


A, B, CLK, OEAB, OEBA or S 
before TCKT 






6.5 






tsu 


TDI before TCKT 






2.5 




ns 






TMS before TCKT 






2.5 






th 


Hold time 


A, B, CLK, OEAB, OEBA or S 
after TCKT 






1.5 






TDI after TCKT 






1.5 




ns 






TMS after TCKT 






1.5 






td 


Delay time 


Power up to TCKT 






50 




ns 


tr 


Rise time 


Vcc power up 






1 




US 



NOTE 4: Product preview specifications are design goals only and are subject to change without notice. 
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switching characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (normal mode) (see Note 4 and Figure 15) 









SN54LVTH182652A 


SN74LVTH182652A 




PARAMETER 


rnUM 
(INPUT) 


(OUTPUT) 


V CC = 3.3 v 
±0.3 V 


V C C = 2.7V 


V C C = 3.3V 
±0.3V 


V C C = 2.7 V 


UNIT 








MIN MAX 


MIN MAX 


MIN 


MAX 


MIN MAX 




■max 


CLKAB or CLKBA 








100 




MHz 


tPLH 


AorB 


B or A 






1.5 


7 




ns 


tPHL 






1.5 


7 




tPLH 


CLKAB or CLKBA 


BorA 






1.5 


8 




ns 


tPHL 






1.5 


8 




tPLH 


SAB or SBA 


BorA 






1.5 9 




ns 


tPHL 






1.5 


9 




tPZH 


OEAB or OEBA 


BorA 






2 


11 




ns 


tPZL 






2 


11 




tPHZ 


OEAB or OEBA 


BorA 






1.5 


12 




ns 


tPLZ 






1.5 


12 





switching characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (test mode) (see Note 4 and Figure 15) 









SN54LVTH182652A 


SN74LVTH182652A 




PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V C C = 3.3 V 
±0.3V 


V C C = 2.7V 


V C C = 3.3V 
±0.3V 


V C C = 2.7 V 


UNIT 








MIN MAX 


MIN MAX 


MIN 


MAX 


MIN MAX 




'max 


TCK 








50 




MHz 


tPLH 


TCK1 


AorB 






2.5 


15 




ns 


tPHL 






2.5 


15 




tPLH 


TCK1 


TDO 






1.5 


7 




ns 


tPHL 






1.5 


7 




tPZH 


TCKl 


AorB 






3 


18 




ns 


tPZL 






3 


18 




tPZH 


TCK4- 


TDO 






1.5 


7 




ns 


tPZL 






1.5 


7 




tPHZ 


TCKi 


AorB 






3 


19 




ns 


tPLZ 






3 


19 




¥HZ 


TCKi 


TDO 






1.5 8 




ns 


tpLZ 






1.5 


8 





NOTE 4: Product preview specifications are design goals only and are subject to change without notice. 



7-168 



Texas 
Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 



SN54LVTH18652A, SN54LVTH182652A, SN74LVTH18652A, SN74LVTH182652A 

3.3-V ABT SCAN TEST DEVICES 
WITH 18-BIT TRANSCEIVERS AND REGISTERS 

SCBS312B- MARCH 1994 - REVISED JULY 1996 

PARAMETER MEASUREMENT INFORMATION 

_ 6V 



From Output 

Under Test 

Cl = 50 pF ^ 
(goo Note A) 



500 £2 
-WV- 



500 n 



O Open 
9 GND 



TEST 


S1 


tPLH/tPHL 
tPLZ'tPZL 
tPHZ'tPZH 


Open 
6V 
GND 



LOAD CIRCUIT 



Input 



¥ Y — 

,5V A A 15V 



VOLTAGE WAVEFORMS 
PULSE DURATION 



2.7 V 



0V 



Timing Input 



Data Input 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



2.7 V 
0V 



2.7 V 
0V 



Input 



Output 



Output 



tPLH-j* 



2.7 V 
0V 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output 
Control 



Output 
Waveform 1 
S1 at 6 V 
(see Note B) 

Output 
Waveform 2 
S1 at GND 
(see Note B) 



*PZL 



' tPLz -*! k- 

\l.5V Y 



+ 

tpHZ"*l |4- 
tpZH ~*\ |<- | 



2.7 V 
0V 

3V 

vol 



V O H-0.3V V ° H 
— « 0V 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. Cl includes probe and jig capacitance. 

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

C. All input pulses are supplied by generators having the following characteristics: PRR < 1 0 MHz, Zq = 50 Q, t r < 2.5 ns, tf < 2.5 ns. 

D. The outputs are measured one at a time with one transition per measurement. 



Figure 15. Load Circuit and Voltage Waveforms 
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Members of Texas Instruments Broad 
Family of Testability Products Supporting 
IEEE Std 1149.1-1990 (JTAG) Test Access 
Port (TAP) and Boundary-Scan Architecture 

Provide Built-in Access to IEEE Std 1149.1 
Scan-Accessible Test/Maintenance 
Facilities at Board and System Levels 

While Powered at 3.3 V, the TAP Interface is 
Fully 5-V Tolerant for Mastering Both 5-V 
and/or 3.3-V IEEE Std 1149.1 Targets 

Simple Interface to Low-Cost 3.3-V 
Microprocessors/Microcontrollers Via 8-Bit 
Asynchronous Read/Write Data Bus 

Easy Programming Via Scan-Level 
Command Set and Smart TAP Control 

Transparently Generate Protocols to 
Support Multidrop TAP Configurations 
Using Tl's Addressable Scan Port 
Flexible TCK Generator Provides 
Programmable Division, Gated-TCK, and 
Free-Running-TCK Modes 
Discrete TAP Control Mode Supports 
Arbitrary TMS/TDI Sequences for 
Non-Compliant Targets 
Programmable 32-Bit Test Cycle Counter 
Allows Virtually Unlimited Scan/Test Length 
Accommodate Target Retiming (Pipeline) 
Delays of Up to 15 TCK Cycles 

Test Output Enable (TOE) Allows for 
External Control of TAP Signals 

High-Drive Outputs (-32-mA Iqh. 
64-mA Iql) at TAP Support Backplane 
Interface and/or High Fanout 

Package Options Include Plastic Small- 
Outline Packages (DW), Ceramic Chip 
Carriers (FK), and Ceramic 300-mil DIPs (JT) 



description 



SN54LVT8980 . . . JT PACKAGE 
SN74LVT8980 . . . DW PACKAGE 
(TOP VIEW) 



STRB[ 1 ^ 24 ] AO 

R/W [ 2 23 ] A1 

DO [ 3 22 ] A2 

D1 [4 21 ] RDY 

D2 [ 5 20 ] TDO 

D3[ 6 19]V CC 

GND[ 7 18] TCK 

D4[8 17 ] TMS 

D5[ 9 16]TRST 

D6[ 10 15 ] TDI_ 

D7[ 11 14 ] RST 

CLKIN[ 12 13 ] TOE 



SN54LVT8980 . . . FK PACKAGE 
(TOP VIEW) 

CD 

(- O o t- oj 
w z < < < 

I II II II II II — II I 

4 3 2 1 28 27 26 



D1 ]5 
D2]6 
D3 ]7 
NC ]8 
GND ]9 
D4 ]10 

D5 ]11 12 13 14 15 16 17 18 
r-ir— 11— ir— ir— ii—ir-i 



25[ 
24[ 
23[ 
22[ 
21[ 
20[ 

19[ TRST 



RDY 
TDO 

V C C 
NC 
TCK 
TMS 



Cr z o luu ih 

° 2 z E 

_1 Ir- iu- 

o 



NC - No internal connection 



The 'LVT8980 embedded test-bus controllers (eTBC) are members of Texas Instruments broad family of 
testability integrated circuits. This family of devices supports IEEE Standard 1149.1-1990 boundary scan to 
facilitate testing of complex circuit assemblies. Unlike most other devices of this family, the eTBC is not a 
boundary-scannable device; rather, its function is to master an IEEE Std 1 1 49.1 (JTAG) test access port (TAP) 
under the command of an embedded host microprocessor/microcontroller. Thus, the eTBC enables the 
practical and effective use of the IEEE Std 1149.1 test-access infrastructure to support embedded/built-in test, 
emulation, and configuration/maintenance facilities at board and system levels. 
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description (continued) 

The eTBC masters all TAP signals required to support one 4- or 5-wire IEEE Std 1149.1 serial tes t bus - test 
clock (TCK), test mode select (TMS), test data input (TDI), test data output (TDO), and test reset (TRST). All 
such signals can be connected directly to the associated target IEEE Std 1149.1 devices without need for 
additional logic or buffering. However, as well as being directly connected, the TMS, TDI, and TDO signals can 
be connected to distant target IEEE Std 1149.1 devices via a pipeline, with a retiming delay of up to 15 TCK 
cycles; the eTBC automatically handles all associated serial-data justification. 

Conceptually, the eTBC operates as a simple 8-bit memory- or I/O- mapped peripheral to a 
microprocessor/microcontroller (host). High-level commands and parallel data are passed to/from the eTBC via 
its generichost interface , which includes an 8-bit data bus (D7-D0) and a 3-bit address bus (A2-A0). Read/write 
select (R/W) and strobe (STRB) signals are implemented so that the critical host-interface timing is independent 
of the CLKIN period. An asynchronous ready (RDY) indicator is provided to hold off, or insert wait states into, 
a host read/write cycle when the eTBC cannot respond immediately to the requested read/write operation. 

High-level commands are issued by the host to cause the eTBC to generate the TMS sequences necessary 
to move the test bus from any stable TAP-controller state to any other such stable state, to scan instruction or 
data through test registers in target devices, and/or to execute instructions in the Run-Test/Idle TAP state. A 
32-bit counter can be programmed to allow a predetermined number of scan or execute cycles. 

During scan operations, serial data that appears at the TDI input is transferred into a serial-to-4 x 8-bit-parallel 
first-in/first-out (FIFO) read buffer, which can then be read by the host to obtain the return serial-data stream 
up to eight bits at a time. Serial data that is to be transmitted from the TDO output is written by the host, up to 
eight bits at a time, to a 4 x 8-bit-parallel-to-serial FIFO write buffer. 

In addition to such simple state-movement, scan, and run-test operations, the eTBC supports several additional 
commands that provide for input-only scans, output-only scans, recirculate scans (in which TDI is mirrored back 
to TDO), and a scan mode that generates the protocols used to support multidrop TAP configurations using Tl's 
addressable scan port. Two loopback modes also are supported that allow the microprocessor/microcontroller 
host to monitor the TDO or TMS data streams output by the eTBC. 

The eTBC's flexible clocking architecture allows the user to choose between free-running (in which the TCK 
always follows CLKIN) and gated modes (in which the TCK output is held static except during state-move, 
run-test, or scan cycles) as well as to divide down TCK from CLKIN. A discrete mode is also available in which 
the TAP is driven strictly by read/write cycles under full control of the microprocessor/microcontroller host. 
Thesd features ensure that virtually any IEEE Std 1 1 49.1 target device or device chain - even where such may 
not fully comply to IEEE Std 1149.1 - can be serviced by the eTBC. 

While most operations of the eTBC are synch ronous to CLKIN , a test-output enable (TOE) is provided for output 
control of the TAP outputs, and a reset (RST) input is provided for hardware reset of the eTBC. The former can 
be used to disable the eTBC so that an external controller can master the associated I EEE Std 1 1 49. 1 test bus. 

The SN54LVT8980 is characterized for operation over the full military temperature range of -55°C to 125°C. 
The SN74LVT8980 is characterized for operation from -40°C to 85°C. 



^ Texas 
Instruments 

8-4 POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 



SN54LVT8980, SN74LVT8980 
EMBEDDED TEST-BUS CONTROLLERS 
IEEE STD 1149.1 (JTAG) TAP MASTERS WITH 8-BIT GENERIC HOST INTERFACES 

SCBS676- DECEMBER 1996 



functional block diagram 
vcc 
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Pin numbers shown are for the DW and JT packages. 
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Terminal Functions 


NAME 


DESCRIPTION 


A2-A0 


Address inputs. A2-A0 form the 3-bit address bus that interfaces the eTBC to its microprocessor/microcontroller host. 
These inputs directly index the eTBC register to be accessed (read from or written to). 


CLKIN 


Clock input. CLKIN is the system clock input for the eTBC. Most operations of the eTBC are synchronous to CLKIN. 
Internally, the CLKIN signal is divided by a programmable divisor to generate TCK. 


D7-D0 


Data inputs/outputs. D7-D0 form the 8-bit bidirectional data bus that interfaces the eTBC to its 
microprocessor/microcontroller host. Data in the eTBC registers is accessed (read or written) using this data bus. D7 is 
considered the most-significant bit, while DO is considered the least-significant bit. 


GND 


Ground 


RDY 


Ready output. RDY is used to indicate to the microprocessor/microcontroller host whether or not the eTBC is ready to 
service the access (read or write) operation that is currently being requested. If RDY remains high following the initiation 
of an access cycle (STRB negative edge) then the eTBC is ready. Otherwise, if RDY goes low following the initiation of 
an access cycle (STRB negative edge) then the eTBC is not ready. In cases where the eTBC is not ready, subsequent 
processing in the eTBC may clear the not-ready state, which allows RDY to return high before the end of the access cycle. 
In any event, the RDY output returns high upon the termination of any access cycle (STRB positive edge). 


RST 


Reset input. RST is used to initiate asynchronous reset of the eTBC. Assertion (low) of RST places the eTBC in a reset 
state from which it does not exit until RST is released (high). While RST is low, the eTBC ignores host writes, the RDY, 
TDO, TMS, and TRST outputs are high, while TCK outputs CLKIN/16. An internal pullup forces RST to a high level if it 
has no external connection. 


R/W 


Read/write select. R/W is used by the microprocessor/microcontroller host to instruct the eTBC as to whether it is to 
perform read access (R/W high) or write access (R/W low). While R/W is high and STRB is low, the D7-D0 outputs are 
enabled to drive low and/or high logic levels onto the host data bus. Otherwise, while R/W is low, the D7-D0 outputs are 
disabled to a high-impedance state so that the host data bus can drive to the eTBC. 


STRB 


Read/write strobe. STRB is used by the microprocessor/microcontroller host to instruct the eTBC to initiate (STRB 
negative edge) or terminate/conclude (STRB positive edge) an access (read or write) operation. An internal pullup forces 
STRB to a high level if it has no external connection. 


TCK 


Test clock. TCK transmits the TCK signal required by the eTBC's I EEE Std 1 1 49.1 target(s). All operations of the TAP are 
synchronous to TCK. Generally, the TCK signal is generated internally by the eTBC by division of CLKIN by a 
programmable divisor. Alternatively, when the eTBC is in its discrete-control mode, a rising edge of TCK is generated on 
a read to the discrete-control register, while a falling edge is generated on a write to the discrete-control register. 


TDI 


Test data input. TDI receives the TDI signal output by the eTBC's IEEE Std 1149.1 target(s). It is the serial input for shifting 
test data from the target(s); it is sampled on the rising edge of TCK and is expected to be transferred from the target(s) 
on the falling edge of TCK. An internal pullup forces TDI to a high level if it has no external connection. 


TDO 


Test data output. TDO transmits the TDO signal required by the eTBC's IEEE Std 1 149.1 target(s). It is the serial output 
for shifting test data to the target(s); it is transferred on the falling edge of TCK and is to be sampled in the target on the 
rising edge of TCK. 


TMS 


Test mode select. TMS transmits the TMS signal required by the eTBC's IEEE Std 1149.1 target(s). It is the one control 
signal that directs the next TAP-controller state of the target(s). It is transferred from the eTBC on the falling edge of TCK 
and is to be sampled in the target(s) on the rising edge of TCK. 


TOE 


Test-output enable. TOE is the active-low output enable for the eTBC TAP outputs (TCK, TDO, TMS, TRST). When TOE 
is inactive (high) the TAP outputs are disabled to a high-impedance state. Otherwise, when TOE is active (low), the TAP 
outputs are enabled to drive low and/or high logic levels according to other eTBC functions. An internal pullup forces TOE 
to a high level if it has no external connection. 


TRST 


Test reset. TRST transmits the TRST signal that may be required by some of the eTBC's IEEE Std 1149.1 target(s). A 
low signal at TRST is intended to initiate asynchronous test reset of the connected target(s). Such a low signal at TRST 
is generated only when the microprocessor/microcontroller host writes an appropriate value into the eTBC command 
register or, while the eTBC is in discrete-control mode, into the discrete-control register. 


vcc 


Supply voltage 
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application information 

In application, the eTBC is used to master a single IEEE Std 1149.1 test access port (TAP) under the control 
of a microprocessor/microcontroller host. A typical implementation is shown in Figure 1 . 



Microprocessor/ 
Microcontroller 
(host) 



RST 



STRB 



OSC 



R/W 



RDY 



A(2-Q) 



D(7-Q) 



CLKIN 



LVT8980 
Embedded 

Test Bus 
Controller 



1 F 



TCK 



TMS 



TDO 



TDI 



TRST 



IEEE Std 
■>i 1149.1- 
->■ Compliant 

i Device Chain 

(target) 



TOE 



CS 



Program/Vector 
Memory 
(ROM/RAM) 
(If/as required) 



GND 



Figure 1. eTBC Application 

All signals required to master IEEE Std 11 49.1 -compliant device s - T CK, TMS, TDO, TDI - are 
sourced/received by the eTBC. The eTBC can also source the optional TRST signal. Additionally, the eTBC 
implements high-drive output buffers, allowing it to interface directly to on- or off-board targets without need for 
buffering or other additional logic. 

The eTBC's generic host interface allows it to act as a simple 8-bit memory- or l/O-mapped peripheral. As shown 
in Figure 1 , for many choices of host microprocessor/microcontroller, this interface can be accomplished without 
additional logic. While the eTBC requires a clock input (CLKIN), in many cases it can be driven from the same 
source that provides a clock signal to the host. 

Thus, in combination with the host microprocessor/microcontroller, the eTBC can be used to implement a 
two-chip embedded test-control function supporting board- and system-level built-in test based on structured 
IEEE Std 1149.1 test access. In some cases, for additional program and/or test vector storage, an external 
ROM/RAM may be required. 

By use of the eTBC in such an embedded test control function, the host microprocessor/microcontroller is freed 
from the burden of generating the TAP-state sequences, serializing the outgoing bit stream, and de-serializing 
the incoming bit stream. All such tasks are implemented in the eTBC, allowing the host to operate at full 8-bit 
parallel efficiency, host software to operate at the level of discrete scan operations versus the level of TAP 
manipulation, and test throughput to be maximized. The eTBC's full suite of data-scan and instruction-scan 
commands ensure that the host software operates efficiently. 

Host efficiency and flexibility is also maximized through the eTBC's fully visible status and implementation of 
the ready output (RDY). RDY goes inactive during a read or write access if the host-requested access cannot 
be performed immediately. Thus, it can be used to insert hold or wait states back to the host. When the condition 
blocking the access clears, the requested access completes. Additionally, all conditions that can cause such 
a blocking condition are continuously updated in the eTBC status and command registers. Thus, the host 
software can poll the eTBC status rather than implement RDY in hardware. 

The eTBC also provides several capabilities that support special target application requirements. The eTBC's 
test-output enable allows its master function to be disabled so that another device (an external tester, for 
example) can control the target test access port. Where required, due to target non-compliance or sensitivity 
to state sequencing, discrete-control mode provides the host software with arbitrary control of TMS and TDO 
sequences. Also, where targets may be sensitive to leaving Shift-DR state during scan operation, gated-TCK 
mode allows the TCK output to be stopped, rather than cycling the target TAP state to Pause-DR state, when 
service to TDI buffer or TDO buffer is required. 
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application information (continued) 



Where target devices are extremely distant (due to cabling, etc.), pipelining may be implemented at intervals 
along the incoming or outgoing paths to retime (deskew) the TDI, TDO, and TMS signals. An example is shown 
in Figure 2. In such applications, the eTBC can automatically adjust the incoming test-data bit stream to account 
for cycle delays introduced by the pipeline. 
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' Figure 2. Retimed Interface to Target 

Also, in gated-TCK mode, special scan commands provide transparent support for addressable shadow 
protocols. Thus, in conjunction with its high-drive outputs, the eTBC can fully support multidrop backplane TAP 
configurations implemented with Tl's addressable scan ports (ASP). Figure 3 shows a multidrop TAP 
configuration in a passive-backplane application implemented with a centralized (one eTBC per chassis/rack) 
test-control architecture while Figure 4 shows a passive-backplane application implemented with a distributed 
(eTBC per module) test-control architecture. Figure 5 shows a multidrop TAP configuration in an 
active-backplane (motherboard) application. 
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Figure 3. Passive-Backplane Application with Centralized (eTBC per chassis) Test-Control Architecture 
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Figure 4. Passive-Backplane Application with Distributed Test-Control (eTBC per card) Architecture 
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Figure 5. Active-Backplane (Motherboard) Application 
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architecture 

Conceptually, the eTBC can be viewed as an IEEE Std 1149.1 coprocessor/accelerator that operates in 
conjunction with (and under the control of) a host microprocessor/microcontroller. The eTBC implements this 
function using an 8-bit generic host interface and a scan-test-based command/control architecture. As shown 
in the functional block diagram, beyond these fundamental elements and another central block supporting 
discrete-control mode, the eTBC functions are accomplished in four additional blocks - one for each of the 
required TAP signals - a TCK generator, a TAP-state (TMS) generator, a TDO buffer, and a TDI buffer. 



host interface 



The eTBC host interface is implemented generically on an 8-bit read/write data bus (D7-D0). Three address 
pins (A2-A0) directly index the eTBC's eight read/write registers: configurationA, configurations, status, 
command, TDO-buffer, TDI-buffer, counter, and discrete-control. The register address map is given in Table 1 . 

host access timing 

Host ac cess timing is asynchronous to the clock input (CLKIN) and is fully controlled by the read/write strobe 
(STRB). The read/write select (R/W) serves to control the direction of data flow on the bidirectional data bus. 
Figure 6 shows the_read access timing while Figure 7 shows the write a ccess timing. As shown, for either read 
or write access, R/W and address signals should be held while STRB is low. 



For read access (R/W high) the eTBC data bus outputs are made a ctive, o n the falling edge of STRB, to drive 
the data contained in the selected eTBC register. Otherwise, when STRB is high, the eTBC data outputs are 
at high impedance. Therefore, in many applicatio ns, the R/W signal can be shared in common with other host 
peripherals (ROM or RAM, for example) while the STRB signal is generated separately (by discrete chip-select 
signals available from the host or a decode logic) for each required peripheral. 



For write access (R/W low), the eTBC data outputs remain at high impedance indepe ndent of STRB. The 
address of the register to be written is latched from the address pins on the falling edge of STRB while the data 
to be written is latched from the data bus on the rising edge of STRB. 
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Figure 6. Read Access Timing 
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Figure 7. Write Access Timing 

ready output 

The ready output (RDY) from the host interface can be used, where the selected microprocessor/microcontroller 
supports it, to insert wait or hold states back to the host. If a host-requested access cannot be performed 
immediately, RDY will go inactive (low) during that given access. When the condition blocking the access clears, 
RDY will go active (high) and the eTBC will grant the requested access. Alternatively, where such 
hardware-generated hold or wait states are not supported in the selected microprocessor/microcontroller host, 
the eTBC status and/or command registers can be polled to determine its readiness to grant a given read or 
write access. 

Conditions that will cause a host access to be blocked (and RDY to become inactive) are limited to the following: 

• While the TDI buffer is empty, as indicated in status register (bit 7, TDIS), a requested read to TDI-buffer 
register will generate RDY inactive; this condition will clear, RDY will go active, and the requested 
access will complete, when the TDI buffer is no longer empty. 

• While the TDO buffer is full or is being reset upon initiation of a scan command, as indicated in status 
register (bit 6, TDOS), a requested write to TDO-buffer register will generate RDY inactive; this 
condition will clear, RDY will go active, and the requested access will complete, when the TDO buffer is 
no longer full or the TDO-buffer reset completes, as applicable. 

• While a command is in progress, as indicated by a non-zero value in the opcode field (bits 3-0, OPCOD) 
of the command register, a requested write to command, configurationA, configurations, or counter 
registers will generate RDY inactive. This condition will clear, RDY will go active, and the requested 
access will complete, when the previously specified command finishes. The sole exception is the writing 
of a logic 1 into the software reset (bit 7, SWRST) bit of the command register, which is never blocked. 

• While a full-duplex scan command is in-progress, and the number of retiming-delay bits is other than 
zero, the number of writes to TDO-buffer register may not exceed, by more than 5, the number of reads 
to TDI-buffer register. A write to TDO-buffer register that does exceed this limit will be blocked, and will 
generate RDY inactive, indefinitely; the TDI-buffer register must be read before another write to 
TDO-buffer register. 



STRB 



R/W 




tsu-|« — *j 

DH 
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register descriptions 

A summary of the eTBC registers, their address mappings, bit assignments, reset values, and host accessibility 
(read/write or read-only) is provided in Table 1 . All registers are fully readable by the host. All registers are fully 
writeable by the host with the sole exception of the status register. Also, with the exception of TDO-buffer and 
command registers, writes to any register while a command is in progress will be held off (RDY inactive) or 
ignored. Bits designated as reserved should be written to logic 0; read-only bits designated as reserved will 
always read logic 0. 



Table 1. Register Summary 



ADDRESS 
A2-A0 


REGISTER 


REGISTER DETAIL 
(BIT ASSIGNMENTS) 


RESET 
VALUE 


HOST 
ACCESS 


BIT 7 
(MSB) 


BIT 6 


BIT 5 


BIT 4 


BIT 3 


BIT 2 BIT 1 


BITO 
(LSB) 


000 


ConfigurationA 


Reserved 


NTOE 


LPBK 


MODE 


0x00 


R/W 


001 


Configurations 


CDIV 


Reserved 


RDLY 


0x80 


R/W 


010 


Status 


TDIS 


TDOS 


CTRS 


Reserved 


TAPST 


0x00 


R 


011 


Command 


SWRST 


NTRST 


ENDST 


OPCOD 


0x00 


R/W 


100 


TDO-buffer 




0x00 


R/W 


10,1 


TDI-buffer 




0x00 


R/W 


110 


Counter 




0x00 


R/W 


111 


Discrete-control 


Reserved | DNTR | DTMS | DTDO | DTD I 


0x00 


R/W 



configuration registers 

All eTBC test commands operate under the influence of the configurationA and configurations registers. The 
decodes of the various bit groups assigned to these registers are given in Table 2 and Table 3, respectively. 
These registers are fully readable at all times and are fully writeable except when an eTBC command is in 
progress. Bit group values designated as reserved should not be written. 



Table 2. ConfigurationA Register Decode 



CONFIGURATIONA 


VALUE 


RESULT 


BIT 
GROUP 


BIT 
NO(S). 


NTOE 


5 


0 


TAP outputs (TCK, TDO, TMS, TRST) are enabled. 


1 


TAP outputs (TCK, TDO, TMS, TRST) are disabled (high impedance). 


LPBK 


4-3 


00 


No loopback - TDI pin inputs to TDI buffer. 


01 


TMS loopback - TAP-state generator inputs to TDI buffer. TMS and TDO pins are fixed high. 


10 


TDO loopback - TDO buffer inputs to TDI buffer. TMS and TDO pins are fixed high. 


11 


Reserved 


MODE 


2-0 


000 


Automatic/free-running-TCK mode - all TAP outputs are generated autonomously in the eTBC 
according to the active command. The TCK output runs continuously; while operating a scan command, 
if the TDI buffer becomes full and/or the TDO buffer becomes empty, the TAP state will be cycled to 
Pause-DR or Pause-IR, as appropriate, until the host performs the required buffer service. 


001 


Automatic/gated-TCK mode - all TAP outputs are generated autonomously in the eTBC according to 
the active command. The TCK output is run only when required to move TAP state or to progress run-test 
or scan operations, otherwise, it is gated off (low); while operating a scan command, if the TDI buffer 
becomes full and/or the TDO buffer becomes empty, the TAP state will remain in Shift-IR or Shift-DR, 
as appropriate, but the TCK output will be gated off until the host performs the required buffer service. 


010 


Discrete-control mode - all TAP outputs are determined by contents of the discrete-control register 
under control of host software. 


011-111 


Reserved 
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Table 3. Configurations Register Decode 



CONFIGURATIONS 


VALUE 


RESULT 


BIT 
GROUP 


BIT 
NO(S). 


CDIV 


7-5 


000-111 


TCK = (CLKIN)/(2CDIV) ; reS et value TCK = (CLKIN)/(24) = CLKIN/16 


RDLY 


3-0 


0000-1111 


Number of retiming delays to accommodate = RDLY; while operating a scan command, TDI sampling 
will be delayed by a number of TCK cycles, equal to RDLY, following the generation of Shift-DR or 
Shift-IR state, as appropriate. 



The negated test-output-enable (NTOE ) bit is provided to allow the host to disable the TAP outputs via software 
in a manner analogous to the hardware TOE. The loopback (LPBK) bit group allows the selection of the source 
of data to be input to the TDI buffer - from the TDI pin for normal eTBC operations or, for eTBC verification 
purpose, from TAP-state (TMS) generator or TDO buffer. The test mode (MODE) bit group provides for a choice 
of automatic/free-running-TCK, automatic/gated-TCK, or discrete-control modes. 

The clock-divisor (CDIV) bit group allows software control of the TCK output frequency based on a division of 
the CLKIN input. Divisors from 2° (1) to 2 7 (128) are provided. The clock divisor defaults to 2 4 (16) on eTBC 
reset (power-up, hardware-initiated, or software-initiated). The retiming-delay (RDLY) bit group provides for the 
automatic accommodation of retiming (pipeline) delays, which can be used to deskew the TAP signals to target 
scan chains that are electrically distant (due to cabling delays, etc). 
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status register 

The status of the eTBC is fully reported and continuously updated in the status register. The decode of the 
various bit groups assigned to the status register is given in Table 4. 



Table 4. Status Register Decode 



STATUS 


VALUE 


RESULT 


BIT 
GROUP 


BIT 
NO(S). 


TDIS 


7 


0 


The TDI buffer is empty - no TDI data is available for host read. 


1 


The TDI buffer is not empty - at least one byte of TDI data is available for host read. 


TDOS 


6 


0 


The TDO buffer is not full - at least one byte in TDO buffer is available for host write. 


1 


The TDO buffer is full - no bytes in TDO buffer are available for host write. 


CTRS 


5 


0 


The counter is not loaded with a complete 32-bit value - command operation cannot begin until counter 
load completes. 


1 


The counter is loaded with a complete 32-bit value - command operation can begin. 


TAPST 


3-0 


0000 


The current target TAP state (as sent by eTBC) is Test-Logic-Reset. 


0001 


The current target TAP state (as sent by eTBC) is Select-DR-Scan. 


0010 


The current target TAP state (as sent by eTBC) is Capture-DR. 


0011 


The current target TAP state (as sent by eTBC) is Shift-DR. 


0100 


The current target TAP state (as sent by eTBC) is Exit1-DR. 


0101 


The current target TAP state (as sent by eTBC) is Pause-DR. 


0110 


The current target TAP state (as sent by eTBC) is Exit2-DR. 


0111 


The current target TAP state (as sent by eTBC) is Update-DR. 


1000 


The current target TAP state (as sent by eTBC) is Run-Test/ldle. 


1001 


The current target TAP state (as sent by eTBC) is Select-IR-Scan. 


1010 


The current target TAP state (as sent by eTBC) is Capture-IR. 


1011 


The current target TAP state (as sent by eTBC) is Shift-IR 


1100 


The current target TAP state (as sent by eTBC) is Exit1-IR. 


1101 


The current target TAP state (as sent by eTBC) is Pause-IR. 


1110 


The current target TAP state (as sent by eTBC) is Exit2-IR. 


1111 


The current target TAP state (as sent by eTBC) is Update-IR. 



The TDI-buffer-status (TDIS) bit reports the readiness of the TDI buffer to respond to a host read. The 
TDO-buffer-status (TDOS) bit reports the readiness of the TDO buffer to respond to a host write. The 
counter-status (CTRS) bit reports the readiness of the counter to support a command which uses the counter. 
The current-TAP-state (TAPST) bit group continuously reports the target TAP state as monitored by the eTBC. 

command register 

The command register is used to perform software reset of the eTBC, to discretely control the state of the TRST 
output when not in discrete-control mode, and to initiate test operations in the target(s).The decode of the 
various bits assigned to the command register is given in Table 5. 

Any read to the command register while a command is in progress will return the value written to the command 
register upon initiation of the command. Once a command finishes, the operation-code (OPCOD) bit group in 
the command register will be reset to null. In this way, the status of a requested command can be 
monitored/polled by the host. 

With the exception of the software-reset (SWRST) bit, which can be written at any time, writes to the command 
register while a command is in progress will cause RDY inactive and will be ignored if the write cycle is 
terminated before the previously requested command finishes. 
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Table 5. Command Register Decode 



COMMAND 






TEST OPERATION COMMENTS 


LSI 1 

GROUP 


niT 
NO(S). 


VALUE 


RESULT 


WORKING 
TAP STATE 


USES 
COUNTER 


USES 
TDI 
BUFFER 


USES 
TDO 
BUFFER 


SWRST 


7 


0 


Normal operation 










1 


Full reset 










NTRST 


6 


0 


If not in discrete-control mode, output low to TRST pin. 










1 


If not in discrete-control mode, output high to TRST pin. 














00 


Finish command in TAP state Test-Logic-Reset. 










ENDST 


5-4 


01 


Finish command in TAP state Run-Test/ldle. 










10 


Finish command in TAP state Pause-DR. 














11 


Finish command in TAP state Pause-IR. 














0000 


Null 














0001 


Reserved 














0010 


Execute run test. 


Run-Test/ldle 


Yes 


No 


No 






0011 


Execute input-only ASP scan. 


N/A 


Yes 


Yes 


No 






0100 


Execute ASP scan. 


N/A 


Yes 


Yes 


Yes 






0101 


Execute output-only ASP scan. 


N/A 


Yes 


No 


Yes 






0110 


Execute state move. 


N/A . 


No 


No 


No 


OPCOD 


3-0 


0111 


Execute state jump. 


N/A 


No 


No 


No 


1000 


Execute instruction-register scan. 


Shift-IR 


Yes 


Yes 


Yes 






1001 


Execute data-register scan. 


Shift-DR 


Yes 


Yes 


Yes 






1010 


Execute input-only instruction-register scan. 


Shift-IR 


Yes 


Yes 


No 






1011 


Execute input-only data-register scan. 


Shift-DR 


Yes 


Yes 


No 






1100 


Execute output-only instruction-register scan. 


Shift-IR 


Yes 


No 


Yes 






1101 


Execute output-only data-register scan. 


Shift-DR 


Yes 


No 


Yes 






1110 


Execute recirculate instruction-register scan. 


Shift-IR 


Yes 


Yes 


No 






1111 


Execute recirculate data-register scan. 


Shift-DR 


Yes 


Yes 


No 



The software-reset (SWRST) bit is provided to allow software initiation of full eTBC reset. This bit of the 
command register can be written at any time regardless of configuration or comm and in progress. The negated- 
test-reset (NTRST) bit allows direct software control of the state of TRST output in modes other than 
discrete-control. 



The end-TAP-state (ENDST) bit group determines the TAP state in which the target scan chain will be left when 
the requested command finishes. The operation-code (OPCOD) bit group determines the test operation to be 
executed in the target. 



¥ ^ Texas 
Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 8-1 5 



SN54LVT8980, SN74LVT8980 
EMBEDDED TEST-BUS CONTROLLERS 

IEEE STD 1149.1 (JTAG) TAP MASTERS WITH 8-BIT GENERIC HOST INTERFACES 

SCBS676 - DECEMBER 1996 



counter register 

The counter register, while only 8-bits wide like any other eTBC register, provides read/write access to the full 
32-bit eTBC counter. Writes or reads to the counter register should be accomplished by holding the eTBC 
address pins throughout four complete host access cycles, otherwise the counter will be considered unloaded 
and the four-cycle access must be restarted. The counter access (both read and write) is in 
least-significant-byte-first order. Any writes to the counter register while a command is in progress will be 
ignored. The 32-bit value loaded in the counter at initiation of a command is used to determine the number of 
TCK cycles or scan bits for which the command will be operated. 

TDO-buffer register 

The TDO-buffer register, while only 8-bits wide like any other eTBC register, provides write access to the full 
4x8 (32-bit) FIFO that comprises the TDO buffer. The TDO-buffer register can be written as long as the TDO 
buffer does not become full. When the TDO buffer becomes full, further writes to the TDO-buffer register cause 
RDY inactive (and consequent hold or wait states to be sent back to the host, if supported) and cause the write 
to be ignored if the write cycle is terminated before the TDO-buffer-full status is cleared. 

TDI-buffer register 

The TDI-buffer register, while only 8-bits wide like any other eTBC register, provides read access to the full 
4x8 (32-bit) FIFO that comprises the TDI buffer. The TDI-buffer register can be read as long as the TDI buffer 
does not become empty. When the TDI buffer becomes empty, further reads to the TDI-buffer register cause 
RDY inactive (and consequent hold or wait states to be sent back to the host, if supported) and cause the read 
data to be invalid if the read cycle is terminated before the TDI-buffer-empty status is cleared. 

discrete-control register 

The discrete-control register is used to program the state of the TAP outputs (TCK, TDO, TMS, TRST) and to 
poll the state of the TAP input (TDI) when the eTBC is in its discrete-control mode. The contents of the 
discrete-control register determine values output to the TDO, TMS, and TRST according to the decode in 
Table 6. The TCK output is generated on each read and write to the discrete-control register; writes generate 
TCK falling edge, while reads generate TCK rising edge. In modes other than the discrete-control mode, this 
register is fully writeable and readable, but writes and reads have no effect on eTBC or target operation. 



Table 6. Discrete-Control Register Decode 



DISCRETE-CONTROL 


VALUE 


RESULT 


BIT 
GROUP 


BIT 
NO(S). 


DNTR 


3 


0 


If in discrete-control mode, output low to TRST pin, otherwise nothing. 


1 


If in discrete-control mode, output high to TRST pin, otherwise nothing. 


DTMS 


2 


0 


If in discrete-control mode, output low to TMS pin, otherwise nothing. 


1 


If in discrete-control mode, output high to TMS pin, otherwise nothing. 


DTDI 


1 


0 


The TDI data received is a logic 0. 


1 


The TDI data received is a logic 1 . 


DTDO 


0 


0 


If in discrete-control mode, output low to TDO pin, otherwise nothing. 


1 


If in discrete-control mode, output high to TDO pin, otherwise nothing. 
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command/control 

The eTBC's command-based architecture is structured around a set of comprehensive IEEE Std 1149.1 (JTAG) 
test objectives, which include TAP state movement, scan operations, and run test (operation of test logic in 
Run-Test/ldle state). The set of test operations, as decoded from the command register (bits 3-0, OPCOD) is 
given in Table 5. Commands are initiated by writing the eTBC command register; upon command initiation, the 
test-control logic is initialized and the TDO and TDI buffers are cleared. Command completion is indicated when 
the operation code (OPCOD) field of the command register returns to the value of the null command. 

The eTBC command operation is modified by the configurationA, and configurations registers, which should 
be written prior to writing of the command register as the values in these registers cannot be modified while a 
command is in progress. Also, commands are only operated in automatic test modes as specified in the 
configurationA register (bits 2-0, MODE) - while in discrete-control mode, commands are ignored. 

All eTBC commands operate similarly to accomplish IEEE Std 1 1 49.1 test objectives. First, the eTBC generates 
a TMS sequence to move the target scan chain from its current TAP state to a working state that depends on 
the test objective. Second, the command is operated (test run, bits scanned) in the working state for a number 
of TCK cycles (or scan bits) determined by the value of the counter upon command initiation. Third, the eTBC 
generates a TMS sequence to move the target scan chain from the working state to the end state specified in 
the command register (bits 5^4, ENDST). For some commands, one or more of these steps are omitted. 

TAP-state-movement commands 

Two eTBC commands are provided to accomplish TAP state movement. The state-move command operates 
to generate a TMS sequence to move the target scan chain directly from its current TAP state to the end state 
specified in the command register. The state-jump command operates to move the eTBC's stored value of the 
target TAP state without generating any changes to the TMS output. The state-jump command can therefore 
be used to switch between targets that share the same test bus, such as those in a multidrop backplane 
configuration implemented with Tl addressable scan ports, but that may be left in different TAP states. 

run-test command 

The run-test command is provided to allow the test logic of the target scan chain to execute autonomously in 
the Run-Test/ldle TAP state. Such test logic is commonly used to implement chip- or board-level built-in self test. 
The run-test command operates by generating TMS sequences to move the target scan chain from its current 
TAP state to the Run-Test/ldle TAP state where it will remain for a number of TCK cycles determined by the value 
of the counter upon command initiation. Upon the countdown of the counter to zero, the eTBC generates TMS 
sequences to move the target scan chain to the end state specified in the command register. 

scan commands 

Eleven eTBC commands are provided to perform scan operations to target scan chains. These can be classified 
by the destination of scan data in the target - addressable scan port (ASP) , IEEE Std 1 1 49. 1 instruction register, 
or IEEE Std 1149.1 data register - and by the nature/direction of the data transfer - full-duplex (default), 
input-only, output-only, or recirculate. The only combination of these two factors that is not implemented is 
recirculate ASP scan. 

addressable scan port (ASP) scan commands 

The ASP scan commands operate to scan data to and/or from an addressable scan port target. Since ASP 
devices require that TMS remain fixed throughout their select and acknowledge protocols, the eTBC does not 
generate TMS sequences or change its stored value of the target's TAP state. Also, for the same reason, ASP 
scan commands that target ASP devices should be operated in gated-TCK mode. The ASP scan commands 
do allow data written to the TDO buffer to be driven serially onto the TDO pin and bits received serially at the 
TDI pin to be stored into the TDI buffer for reading by the host. However, the ASP scan commands do not perform 
any bit-pair encoding of ASP select protocols or decoding of ASP acknowledge protocols. Such 
encoding/decoding must be performed in the host. The number of data bits to be transferred in and/or out is 
determined by the value of the counter upon command initiation. 



^ Texas 
Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 8-1 7 



SN54LVT8980, SN74LVT8980 
EMBEDDED TEST-BUS CONTROLLERS 

IEEE STD 1149.1 (JTAG) TAP MASTERS WITH 8-BIT GENERIC HOST INTERFACES 

SCBS676- DECEMBER 1996 



instruction-register scan commands 

The instruction-register scan commands operate to scan bits to and/or from the concatenation of instruction 
registers in a target scan chain. The eTBC generates a TMS sequence to move the target scan chain from its 
current TAP state to the Shift-IR TAP state. Data written to the TDO buffer can be driven serially onto the TDO 
pin and bits received serially at the TDI pin can be stored into the TDI buffer for reading by the host. The number 
of data bits to be transferred in and/or out is determined by the value of the counter upon command initiation. 
If during the operation of an instruction register scan command, the TDO buffer becomes empty, or the TDI 
buffer becomes full, the TAP state will be sequenced to Pause-IR (if in free-running-TCK mode) or the TCK 
output will be gated off (if in gated-TCK mode) until the required buffer service is performed. Upon the countdown 
of the counter to zero, the eTBC generates TMS sequences to move the target scan chain to the end state 
specified in the command register. 

data-register scan commands 

The data-register scan commands operate to scan bits to and/or from the concatenation of data registers in a 
target scan chain. The eTBC generates a TMS sequence to move the target scan chain from its current TAP 
state to the Shift-DR TAP state. Data written to the TDO buffer may be driven serially onto the TDO pin and bits 
received serially at the TDI pin may be stored into the TDI buffer for reading by the host. The number of data 
bits to be transferred in and/or out is determined by the value of the counter upon command initiation. If during 
the operation of a data-register scan command, the TDO buffer becomes empty, or the TDI buffer becomes full, 
the TAP state will be sequenced to Pause-DR (if in free-running-TCK mode) or the TCK output will be gated off 
(if in gated-TCK mode) until the required buffer service is performed. Upon the countdown of the counter to zero, 
the eTBC generates TMS sequences to move the target scan chain to the end state specified in the command 
register. 

other scan-command variations 

As noted before, the nature/direction of the data transfer for any scan command can vary along with the 
destination of scan data in the target, as follows: 

• For scan commands of the full-duplex (default) class, both TDO buffer and TDI buffer are used to scan 
data to and from the target scan chain, respectively. 

• For scan commands of the input-only class, only the TDI buffer is used to scan data from the target scan 
chain; outgoing TDO data is fixed at a high level throughout the scan operation. 

• For scan commands of the output-only class, only the TDO buffer is used to scan data to the target scan 
chain; incoming TDI data is simply ignored. 

• For scan commands of the recirculate class, only the TDI buffer is used to scan data from the target scan 
chain; outgoing TDO data is generated by recirculating the incoming TDI data back into the target scan 
chain. 

counter 

As described above, the value loaded in the eTBC's 32-bit counter at initiation of a command is used to specify 
the number of TCK cycles or scan bits to remain in the command's working state. As each TCK cycle or scan 
bit is processed for a run-test or scan command, respectively, the counter value is decremented. When the 
counter value reaches zero, the command leaves its working state to finish in the end state specified in the 
command register. 

Before a command that uses the counter can be initiated, a full 32-bit value should be loaded by four consecutive 
writes to the counter register. As well, the full 32-bit current value of the counter can be observed by four 
consecutive reads to the counter register. The counter status (unloaded/loaded) is maintained and observable 
in the status register (bit 5, CTRS). 

Upon eTBC reset (power-up, hardware-initiated, or software-initiated), the counter is cleared and assumes its 
unloaded state. 
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TCK generator 

The TCK generator sources the test clock (TCK) signal required by the IEEE Std 1149.1 target(s) and the 
eTBC-internal test-control logic. The fundamental TCK frequency is produced by division of CLKIN. The divisor 
to be used is programmable within a range of 1 to 128 in the configurations register (bits 7-5, CDIV). The TCK 
output to the target(s) can be operated in free-running or gated modes. The free-running mode toggles TCK 
continuously, based on CLKIN, while the gated mode operates the TCK only when required to move the target 
TAP state or to perform a run-test or scan operation. 

While the eTBC is in discrete-control mode, the TCK generator is not used; instead, the state of TCK is toggled 
on each alternating read and write to the discrete-control register. A falling edge of TCK is produced by write, 
while a rising edge of TCK is produced by read. 

Upon eTBC reset (power-up, hardware-initiated, or software-initiated), the TCK generator assumes its 
free-running mode with a clock divisor of 1 6 (TCK = CLKIN/1 6). 

TAP-state generator 

The TAP-state generator sources the TMS signal, which sequences the TAP controllers of connected IEEE Std 
1 1 49.1 -compliant target devices. The TAP controller specified by IEEE Std 1 1 49.1 is a synchronous finite-state 
machine that provides test control signals throughout each target device; its state diagram is shown in Figure 8. 
This diagram and the TAP-controller states are discussed subsequently. 

The TAP-state generator operates under the control of an executing command to generate the TMS sequences 
required to move connected target devices from one stable state to another, to capture and scan test data 
into/out of target devices, and to operate built-in test modes of target devices in the Run-Test/Idle state. 

The TAP state currently being generated is always maintained by the TAP-state generator and is constantly 
available in the eTBC status register (bits 3-0, TAPST) for host read. Based on the TAP state that is current upon 
command initiation, the TAP-state generator will source a defined sequence of TMS values to reach the TAP 
state in which the command is progressed (e.g., Shift-IR, Shift-DR, Run-Test/Idle), and ultimately to reach the 
specified end TAP state. These sequences are detailed in Tables 7-12. 

While the eTBC is in free-running-TCK mode, if a currently operating scan command empties or fills a required 
test data buffer, then the TAP-state generator will source the TMS sequences required to move the connected 
target devices to their Pause-IR or Pause-DR states. In such case, the TAP-state generator will maintain target 
devices in their Pause-IR or Pause-DR states until the required test data buffer is serviced appropriately. On 
the other hand, if such a buffer condition occurs while the eTBC is in gated-TCK mode, the TAP-state generator 
maintains the target devices in their Shift-IR or Shift-DR states while the TCK is gated off. 

While the eTBC is in discrete-control mode, the TAP-state generator is not used; instead, the state of the TMS 
pin is determined by the contents of the discrete-control register. Thus, TMS sequences that cannot be 
generated automatically can still be applied through the eTBC to targets that require such (e.g., near-compliant 
devices). 

The TAP-state generator also is not used during the operation of the special addressable shadow protocol 
(ASP) scan commands. Since, by definition, ASPs operate only while the TAP is idling (maintaining one of the 
TAP states Test-Logic-Reset, Run-Test/Idle, Pause-IR, or Pause-DR), the TMS pin must be maintained at the 
value it held upon initiation of the ASP scan command. 

For eTBC verification/debugging, in addition to continuous update of the current target TAP state in the eTBC 
status register, the output of the TAP-state (TMS) generator can be selected for loopback into the TDI buffer. 
When this TMS-loopback mode is selected, although a host-requested command will execute in the eTBC, the 
target will not be affected as both TMS and TDI are fixed at a high level. 

Upon eTBC reset (power-up, hardware-initiated, or software-initiated), the TAP-state generator assumes the 
Test-Logic-Reset TAP state. 
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Table 7. TMS Sequencing from TAP State Test-Logic-Reset 



FROM TEST-LOGIC-RESET (TMS = H) TO 


TEST-LOGIC-RESET 


RUN-TEST-IDLE 


SHIFT-DR 


PAUSE-DR 


SHIFT-IR 


PAUSE-IR 


NEXT 
TMS 


NEXT TAP 
STATE 


NEXT 
TMS 


NEXT TAP 
STATE 


NEXT 
TMS 


NEXT TAP 
STATE 


NEXT 
TMS 


NEXT TAP 
STATE 


NEXT 
TMS 


NEXT TAP 
STATE 


NEXT 
TMS 


NEXT TAP 
STATE 


H 


T-L-R 


L 


R-T/l 


L 


R-T/l 


L 


R-T/l 


L 


R-T/l 


L 


R-T/l 










H 


S-DR-S 


H 


S-DR-S 


H 


S-DR-S 


H 


S-DR-S 










L 


Capture-DR 


L 


Capture-DR 


H 


S-IR-S 


H 


S-IR-S 










L 


Shift-DR 


H 


Exit1-DR 


L 


Capture-IR 


L 


Capture-IR 














L 


Pause-DR 


L 


Shift-IR 


H 


Exit1-IR 






















L 


Pause-IR 



Table 8. TMS Sequencing from TAP State Run-Test/Idle 



FROM RUN-TEST/IDLE (TMS = L) TO 


TEST-LOGIC-RESET 


RUN-TEST-IDLE 


SHIFT-DR 


PAUSE-DR 


SHIFT-IR 


PAUSE-IR 


NEXT 
TMS 


NEXT TAP 
STATE 


NEXT 
TMS 


NEXT TAP 
STATE 


NEXT 
TMS 


NEXT TAP 
STATE 


NEXT 
TMS 


NEXT TAP 
STATE 


NEXT 
TMS 


NEXT TAP 
STATE 


NEXT 
TMS 


NEXT TAP 
STATE 


H 


S-DR-S 


L 


R-T/l 


H 


S-DR-S 


H 


S-DR-S 


H 


S-DR-S 


H 


S-DR-S 


H 


S-IR-S 






L 


Capture-DR 


L 


Capture-DR 


H 


S-IR-S 


H 


S-IR-S 


H 


T-L-R 






L 


Shift-DR 


H 


Exit1-DR 


L 


Capture-IR 


L 


Capture-IR 














L 


Pause-DR 


L 


: Shift-IR 


H 


Exitl-IR 






















L 


Pause-IR 



Table 9. TMS Sequencing from TAP State Pause-DR 



FROM PAUSE-DR (TMS = L) TO 


TEST-LOGIC-RESET 


RUN-TEST-IDLE 


SHIFT-DR 


PAUSE-DR 


SHIFT-IR 


PAUSE-IR 


NEXT 
TMS 


NEXT TAP 
STATE 


NEXT 
TMS 


NEXT TAP 
STATE 


NEXT 
TMS 


NEXT TAP 
STATE 


NEXT 
TMS 


NEXT TAP 
STATE 


NEXT 
TMS 


NEXT TAP 
STATE 


NEXT 
TMS 


NEXT TAP 
STATE 


H 


Exit2-DR 


H 


Exit2-DR 


H 


Exit2-DR 


H 


Exit2-DR 


H 


Exit2-DR 


H 


Exit2-DR 


H 


Update-DR 


H 


Update-DR 


L 


Shift-DR 


H 


Update-DR 


H 


Update-DR 


H 


Update-DR 


H 


S-DR-S 


L 


R-T/l 






H 


S-DR-S 


H 


S-DR-S 


H 


S-DR-S 


H 


S-IR-S 










L 


Capture-DR 


H 


S-IR-S 


H 


S-IR-S 


H 


T-L-R 










H 


Exit1-DR 


L 


Capture-IR 


L 


Capture-IR 














L 


Pause-DR 


L 


Shift-IR 


H 


Exit1-IR 






















L 


Pause-IR 



8-20 
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Table 10. TMS Sequencing from TAP State Pause-IR 



FROM PAUSE-IR (TMS = L) TO 


TEST-LOGIC-RESET 


RUN-TEST-IDLE 


SHIFT-DR 


PAUSE-DR 


SHIFT-IR 


PAUSE-IR 


NEXT 
TMS 


NEXT TAP 
STATE 


NEXT 
TMS 


NEXT TAP 
STATE 


NEXT 
TMS 


NEXT TAP 
STATE 


NEXT 
TMS 


NEXT TAP 
STATE 


NEXT 
TMS 


NEXT TAP 
STATE 


NEXT 
TMS 


NEXT TAP 
STATE 


H 


Exit2-IR 


H 


Exit2-IR 


H 


Exit2-IR 


H 


Exit2-IR 


H 


Exit2-IR 


H 


Exit2-IR 


H 


Update-IR 


H 


Update-IR 


H 


Update-IR 


H 


Update-IR 


L 


Shift-IR 


H 


Update-IR 


H 


S-DR-S 


L 


R-T/l 


H 


S-DR-S 


H 


S-DR-S 






H 


S-DR-S 


H 


S-IR-S 






L 


Capture-DR 


L 


Capture-DR 






H 


S-IR-S 


H 


T-L-R 






L 


Shift-DR 


H 


Exit1-DR 






L 


Capture-IR 














L 


Pause-DR 






H 


ExitMR 






















L 


Pause-IR 



Table 11. TMS Sequencing from TAP State Shift-DR 



FROM SHIFT-DR (TMS = L) TO 


TEST-LOGIC-RESET 


RUN-TEST-IDLE 


PAUSE-DR 


PAUSE-IR 


NEXT 
TMS 


NEXT TAP STATE 


NEXT 
TMS 


NEXT TAP STATE 


NEXT 
TMS 


NEXT TAP STATE 


NEXT 
TMS 


NEXT TAP STATE 


H 


Exit1-DR 


H 


Exit1-DR 


H 


Exit1-DR 


H 


Exit1-DR 


H 


Update-DR 


H 


Update-DR 


L 


Pause-DR 


H 


Update-DR 


H 


S-DR-S 


L 


R-T/l 






H 


S-DR-S 


H 


S-IR-S 










H 


S-IR-S 


H 


T-L-R 










L 


Capture-IR 














H 


ExitMR 














L 


Pause-IR 



Table 12. TMS Sequencing from TAP State Shift-IR 



FROM SHIFT-IR (TMS = L) TO 


TEST-LOGIC-RESET 


RUN-TEST-IDLE 


PAUSE-DR 


PAUSE-IR 


NEXT 
TMS 


NEXT TAP STATE 


NEXT 
TMS 


NEXT TAP STATE 


NEXT 
TMS 


NEXT TAP STATE 


NEXT 
TMS 


NEXT TAP STATE 


H 


ExitMR 


H 


ExitMR 


H 


ExitMR 


H 


ExitMR 


H 


Update-IR 


H 


Update-IR 


H 


Update-IR 


L 


Pause-IR 


H 


S-DR-S 


L 


R-T/l 


H 


S-DR-S 






H 


S-IR-S 






L 


Capture-DR 






H 


T-L-R 






H 


Exit1-DR 














L 


Pause-DR 
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state diagram description 

The state diagram shown in Figure 8 is in accordance with IEEE Standard 1149.1-1990. The TAP controller 
proceeds through its states based on the level of TMS at the rising edge of TCK. 

As shown, the TAP controller consists of 1 6 states. There are six stable states (indicated by a looping arrow in 
the state diagram) and ten unstable states. A stable state is a state the TAP controller can retain for consecutive 
TCK cycles. Any state that does not meet this criterion is an unstable state. 

There are two main paths though the state diagram: one to access and control the selected data register and 
one to access and control the instruction register. Only one register can be accessed at any given time. 



PTMS = H 



PTMS = L 




Test-Logic-Reset >4 



> 



PTMS - L 



>PTMS = H y 



Run-Test/Idle 
1 



Select-DR-Scan 





> 



PTMS =H 



< 



Seloct-IR-Scan 



PTMS = L 
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y 



PTMS = H PTMS = H 



PTMS = L 



Shift-DR 



> 



PTMS = H 



Exlt1-DR 



> 



PTMS = L 



Pause-DR 



> 



PTMS = H 

PTMS = Li 



Exit2-DR 



> 



PTMS = H 



Update-DR 



PTMS = H 



> 



PTMS = L 



< 



< 



< 



PTMS = L 



< 



< 



y 



PTMS = H 



PTMS = L 



Capture-IR 



PTMS = L 



Shlft-IR 



PTMS: 




.PTMS s H 



ExitMR 



PTMS = L 



Pause-IR 



PTMS = H 




Exlt2-IR 



PTMS = H 

r 

Update-IR >*- 



PTMS = H 



> 



PTMS = L 



Figure 8. TAP-Cont roller State Diagram 
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Test-Logic-Reset 

The eTBC TAP-state generator powers up in the Test- Logic-Reset state. Alternatively, the eTBC can be forced 
to this state asynchronously by assertion of its RST input or synchronously by writing the eTBC command 
register (bit 7-SWRST). 

For a target device in the stable Test-Logic-Reset state, the test logic is reset and is disabled so that the normal 
logic function of the device is performed. The instruction register is reset to an opcode that selects the optional 
IDCODE instruction, if supported, or the BYPASS instruction. Certain data registers also can be reset to their 
power-up values. 

Run-Test/ldle 

For a target device, Run-Test/ldle is a stable state in which the test logic can be actively running a test or can 
be idle. 

Select-DR-Scan, Select-IR-Scan 

For a target device, no specific function is performed in the Select-DR-Scan and Select-IR-Scan states, and the 
TAP controller exits either of these states on the next TCK cycle. These states allow the selection of either 
data-register scan or instruction-register scan. 

Capture-DR 

For a target device in the Capture-DR state, the selected data register can capture a data value as specified 
by the current instruction. Such capture operations occur on the rising edge of TCK upon which the Capture-DR 
state is exited. 

Shift-DR 

For a target device, upon entry to the Shift-DR state, the selected data register is placed in the scan path 
between TDI and TDO, and on the first falling edge of TCK, TDO goes from the high-impedance state to an 
active state. TDO outputs the logic level present in the least-significant bit of the selected data register. While 
in the stable Shift-DR state, data is serially shifted through the selected data register on each TCK cycle. 

Exitl-DR, Exit2-DR 

For a target device, the Exit1-DR and Exit2-DR states are temporary states that end a data-register scan. It is 
possible to return to the Shift-DR state from either Exit1-DR or Exit2-DR without recapturing the data register. 
On the first falling edge of TCK after entry to Exit1-DR, TDO goes from the active state to the high-impedance 
state. 

Pause-DR 

For target devices, no specific function is performed in the stable Pause-DR state. The Pause-DR state 
suspends and resumes data-register scan operations without loss of data. 

Update-DR 

For a target device, if the current instruction calls for the selected data register to be updated with current data, 
such update occurs on the falling edge of TCK following entry to the Update-DR state. 

Capture-IR 

For a target device in the Capture-I R state, the instruction register captures its current status value. This capture 
operation occurs on the rising edge of TCK upon which the Capture-IR state is exited. 
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Shift-IR 

For a target device, upon entry to the Shift-IR state, the instruction register is placed in the scan path between 
TDI and TDO, and on the first falling edge of TCK, TDO goes from the high-impedance state to an active state. 
TDO outputs the logic level present in the least-significant bit of the instruction register. While in the stable 
Shift-IR state, instruction data is serially shifted through the instruction register on each TCK cycle. 

ExitMR, Exit2-IR 

For target devices, the Exit1-IR and Exit2-IR states are temporary states that end an instruction-register scan. 
It is possible to return to the Shift-IR state from either Exit1-IR or Exit2-IR without recapturing the instruction 
register. On the first falling edge of TCK after entry to Exit1-IR, TDO goes from the active state to the 
high-impedance state. 

Pause-IR 

For target devices, no specific function is performed in the stable Pause-IR state, in which the TAP controller 
can remain indefinitely. The Pause-IR state suspends and resumes instruction-register scan operations without 
loss of data. 

Update-IR 

For target devices, the current instruction is updated and takes effect on the falling edge of TCK, following entry 
to the Update-IR state. 

TDO buffer 

The TDO buffer is the 4 x 8-bit-parallel-to-serial Fl FO that accepts scan data from the host in 8-bit-parallel format 
and serializes it onto the TDO pin during scan operations. Scan data is expected to be transferred from the host 
in least-significant-byte-first orderto meet IEEE Std 1 1 49.1 requirements for least-significant-bit-first scan order. 
Any partial byte to be written should be justified to DO. The TDO buffer is cleared upon command initiation, so 
no scan data should be written to the TDO buffer before writing a scan command to the command register. 

The TDO-buffer status (not full/full) is maintained in the status register (bit 6, TDOS). When the TDO-buffer 
status is full, writes to the TDO buffer will be held off by RDY inactive and if the write cycle is aborted prior to 
RDY active, the write data will be ignored. 

For the convenience and efficiency of operating scans to the target for which outgoing data is not required, the 
eTBC supports special classes of input-only and recirculate scan commands which do not require nor operate 
the TDO buffer and so the host need not perform any write access to it. While the input-only scan commands 
are operating, the TDO pin outputs a fixed high level. While the recirculate scan commands are operating, the 
TDO pin recirculates to the target the data that is received at TDI. 

While the eTBC is in discrete-control mode, the TDO buffer is not used; instead, the state of the TDO pin is 
determined by the contents of the discrete-control register. Thus, TMS/TDO sequences that cannot be 
automatically generated can still be applied through the eTBC to targets that require such (e.g., near-compliant 
devices). 

For eTBC verification/debugging, the TDO-buffer output can be selected for loopback into the TDI buffer. When 
this TDO-loopback mode is selected, although a host-requested command will execute in the eTBC, the target 
will not be affected, as both TMS and TDI are fixed at a high level. 

Upon eTBC reset (power-up, hardware-initiated, or software-initiated), the TDO buffer is cleared and assumes 
its not-full state. 
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TDI buffer 

The TDI buffer is the serial-to-4 x 8-bit-parallel FIFO that serially receives data at the TDI pin and makes it 
available in 8-bit-parallel format for reading by the host. Scan data is expected to be transferred from the IEEE 
Std 1149.1 targets in least-significant-bit-first order and is made available for host read in 
least-significant-byte-first order. The last data available for host read during a scan command may be a partial 
byte, in which case it will be justified to DO. 

The TDI-buffer status (empty/not empty) is maintained in the status register (bit 7, TDIS). When the TDI-buffer 
status is empty, reads to the TDI buffer will be held off by RDY inactive and, if the read cycle is aborted prior 
to RDY active, the read data will be invalid. 

The TDI buffer is able to automatically accommodate retiming (pipeline) delays to the target. While operating 
a scan command, TDI sampling will be delayed by a number of TCK cycles, equal to a value given in the 
configurations register (bits 3-0, RDLY), following the generation of Shift-DR or Shift-IR state, as appropriate. 

For the convenience and efficiency of operating scans to the target for which incoming data is not required, the 
eTBC supports a special class of output-only scan commands that neither require nor operate the TDI buffer. 
While the output-only scan commands are operating, the data received at TDI is ignored and the host need not 
perform any read access to the TDI buffer. 

While the eTBC is in discrete-control mode, the TDI buffer is not used; instead, the state of the TDO pin is 
observed in the discrete-control register. Thus, TMS/TDO sequences that cannot be automatically generated 
can still be applied through the eTBC to targets that require such (e.g., near-compliant devices). 

For eTBC verification/debugging, the input to the TDI buffer can be selected for loopback from either TDO buffer 
or TAP-state (TMS) generator. When either of these loopback modes is selected, although a host-requested 
command will execute in the eTBC, the target will not be affected, as both TMS and TDI are fixed at a high level. 

Upon eTBC reset (power-up, hardware-initiated, or software-initiated), the TDI buffer is cleared and assumes 
its empty state. 

discrete control 

The discrete-control block provides the multiplexing and control logic required to support the eTBC's 
discrete-control mode in addition to its automatic modes. While the eTBC is in discrete-control mode, the TAP 
signals are fully controllable/accessible to the host via reads/writes to the discrete-control register. No 
commands can be initiated/operated while the eTBC is in discrete-control mode. 

Upon eTBC reset (power-up, hardware-initiated, or software-initiated), the discrete-control mode is inactive, 
reset 

The eTBC provides t hree mechanisms for comprehensive and equivalent reset - power-up reset, 
hardware-initiated reset (RST), and software-initiated reset (SWRST, bit 7 of command register) to the following 
effect: 

• All eTBC registers are reset to default values as given in Table 1 . 

• The command/control logic is fully reset. 

• The counter is cleared/unloaded. The TDO buffer and TDI buffer are cleared/emptied. 

• The TAP-state generator is reset to the Test-Logic-Reset TAP state. 

• TDO, TMS, and TRST output high levels; TCK outputs CLKIN/1 6. 

As a consequence, the IEEE Std 1149.1 targets can be expected to be driven synchronously to the 
Test-Logic-Reset state no later than the fifth rising edge of TCK (72 CLKIN cycles). 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, V<x -°- 5 v t0 4 - 6 V 

Input voltage range, V| (see Note 1) -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, 

V 0 (see Note 1 ): D, RDY -0.5 V to V cc + 0.5 V 

TCK, TDO, TMS, TRST -0.5 V to 7 V 

Current into any output in the low state, lo' SN54LVT8980 (D, RDY) 12 mA 

SN54LVT8980 (TCK, TDO, TMS, TRST) 96 mA 

SN74LVT8980 (D, RDY) 12 mA 

SN74LVT8980 (TCK, TDO, TMS, TRST) 128 mA 

Current into any output in the high state, 

l 0 (see Note 2): SN54LVT8980 (D, RDY) 16 mA 

SN54LVT8980 (TCK, TDO, TMS, TRST) 48 mA 

SN74LVT8980 (D, RDY) 16 mA 

SN74LVT8980 (TCK, TDO, TMS, TRST) 64 mA 

Input clamp current, l|« (V| < 0) -50 mA 

Output clamp current, Iok ( v O < °) ~ 50 mA 

Output clamp current, Iok ( v 0 > v cc) : D > RDY 50 mA 

Maximum power dissipation at Ta = 55°C (in still air) (see Note 3): DW package 1 .7 W 

Storage temperature range, T slg -65°C to 150°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1 . The input and output voltage ratings may be exceeded if the input and output current ratings are observed. 

2. This current flows only when the output is in the high state and Vo > Vcc- 

3. The maximum package power dissipation is calculated using a junction temperature of 1 50°C and a board trace length of 750 mils. 
For more information, refertothe Package Thermal Considerations application note in the ABT Advanced BiCMOS Technology Data 
Book, literature number SCBD002. 



recommended operating conditions (see Note 4) 









SN54LVT8980 


SN74LVT8980 


UNIT 








MIN 


MAX 


MIN 


MAX 


vcc 


Supply voltage 




2.7 


3.6 


2.7 


3.6 


V 


V|H 


High-level input voltage 




2 


2 


V 


V|L 


Low-level input voltage 




0 


0.8 


V 


V| 


Input voltage 






5.5 


V 


'OH 


High-level output current 


D, RDY 


4^-8 


-8 


mA 


TCK, TDO, TMS, TRST 


/T "24 


-32 


mA 


lOL 


Low-level output current 


D, RDY 




6 


mA 


TCK, TDO, TMS, TRST 




48 


64 


mA 


At/Av 


Input transition rise or fall rate 




10 


10 


ns/V 


At/AVcc 


Power-up ramp rate 




200 


200 


HS/V 


ta 


Operating free-air temperature 




-55 


125 


-40 


85 


°C 



NOTE 4: Unused control inputs (A, CLKIN, R/W) must be held high or low to prevent them from floating. 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


SN54LVT8980 


SN74LVT8980 


UNIT 


MIN TYPT MAX 


MIN TYPt MAX 


V|K 


V C C = 2.7 V, l|=-18mA 


-1.2 


-1 .2 


V 


VOH 


D, RDY 


Vcc = MIN to MAX*, Ioh - -1 00 fiA 


v CO 


V CC u>£ 


V 


Vcc = 2 - 7 v > 'OH = - 4 m A 


2.3 


2.3 


V C C = 3V 


Iqh = -4 mA 


2.6 


2.6 


lOH = " 8 mA 


2.4 


2.4 


TCK, TDO, TMS, 
TRST 


Vcc = MIN to MAX*, IOH=-100pA 




V CC v.t. 


V C C = 2.7 V, l 0 H=-8mA 


2.4 


2.4 


V C C = 3 V 


Iqh = -24 mA 


2 




lOH = "32 mA 




2 


VOL 


D, RDY 


Vcc = MIN to MAX*, lQL=100nA 


0.2 


0.2 


V 


V C C = 2.7 V 


lOL = 4 mA 


0.55 


0.55 


lOL = 6 mA 


0.8 


0.8 


V C C = 3V 


IqL = 4 mA 


0.55 


0.55 


Iql = 6 mA 


0.8 


0.8 


TCK, TDO, TMS, 
TRST 


Vcc = MIN to MAX*, IOL=100nA 


0.2 


0.2 


VCC = 2.7 V 


lOL = 24 mA 


# 0.5 


0.5 


V C C = 3V 


IOL= 16 mA 


^ v 0.4 


0.4 


lOL = 32 mA 


0.5 


0.5 


lOL = 48 mA 


f> 0.55 




lOL = 64 mA 




0.55 


"I 


A, CLKIN, RST, 
R/W, STRB, TDI, 
TOE 


Vcc = 0 or MAX*, V| = 5.5 V 


<r 10 


10 


HA 


A, CLKIN, R/W 


Vcc = 3.6 V, V| = Vcc or GND 


±1 


±1 


RST, STRB, TDI, 
TOE 


Vcc = 3.6 V 


V| = V CC 


1 


1 


V| = 0 


-40 -100 


-40 -100 


'off 


TCK, TDO, TMS, 
TRST 


Vcc = 0. V|orVQ = 0to4.5V 


±100 


±100 


HA 


>OZH 


D, TCK, TDO, 
TMS, TRST 


Vcc = 3.6 V, Vo = 3 V 


5 


5 


HA 


'OZL 


Vcc = 3.6 V, Vo = 0.5 V 


-5 


-5 


'OZPU § 


TCK, TDO, TMS, 


V C c = 0to1.5V, Vo = 0.5Vto3V, TOE = 0 


X I 


+ inn 
x i yj\j 


HA 


•OZPD § 


TRST 


Vcc = 1-5 V to 0, Vo = 0.5 V to 3 V, TOE = 0 


±100 


±100 


'cc 


Outputs high 


V C C = 3.6 V, | 0 = 0, 
V| = Vcc or GND 


0.5 


0.5 


mA 


Outputs low 


7 


7 


Outputs disabled 


0.5 


0.5 


MCC 11 


Vcc = 3 V to 3.6 V, One input at Vcc ~ 0 6 v - 
Other inputs at Vcc or G ND 


0.2 


0.2 


mA 


C| 


V| = 3 V or 0 


4 


4 


PF 


Cj 0 


V 0 = 3 V or 0 


5 


5 


PF 


Co 


Vo = 3Vor0 


7 


7 


PF 



t All typical values are at Vcc = 3.3 V, Ta = 25°C. 

* For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
§ This parameter is characterized but not tested. 

H This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or G ND - 
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timing requirements over recommended operating free-air temperature range (unless otherwise 
noted) (see Figure 9 and Figure 10) 





SN54LVT8980 


SN74LVT8980 


UNIT 


V C C = 3.3 V 
+ 0.3 V 


V C C = 2.7V 


V C C = 3.3 
± 0.3 V 


V C C = 2.7 V 


MIN MAX 


MIN MAX 


MIN MAX 


MIN MAX 


fclock Clock frequency, CLKIN 


TCK-CLKIN 
(CDIV-0) 


0 20 


0 16 


0 20 


0 16 


MHz 


TCK-CLKIN/2 
(CDIV-1) 


0 40 


0 32 


0 40 


0 32 


TCK<CLKIN/4 
(CDIV>2) 


0 70 


0 64 


0 70 


0 64 


Pulse duration, CLKIN high or 
tw low 


TCK-CLKIN 
(CDIV=0) 


25 




25 


31 


ns 


TCK-CLKIN/2 
(CDIV-1) 


12.5 


■ 


12.5 


15.6 


TCK<CLKIN/4 
(CDIV>2) 


7 - 1 A 


< 

7.8 


7.1 


7.8 


t w Pulse duration, RST low 


m O 
10 # 


10 


10 


10 


ns 


t w Pulse duration, STRB low 




8 


8 


8 


ns 


t su Setup time, A before STRBi 


Read or write 
(R/W high or low) 


10 


10 


10 


10 


ns 


t su Setup time, D before STRBt 


Write (R/W low) 


5 


5 


5 


5 


ns 


t su Setup time, R/W before STRB-l 


5 


5 


5 


5 


ns 


t su Setup time, TDI before CLKINt 


5 


5 


5 


5 


ns 


t n Hold time, A after STRB? 


Read or write 
(R/W high or low) 


5 


5 


5 


5 


ns 


t n Hold time, D after STRBt 


Write (R/W low) 


15 


15 


15 


15 


ns 


t n Hold time, R/W after STRBt 


6 


6 


6 


6 


ns 


t n Hold time, TDI after CLKINt 


10 


10 


10 


10 


ns 
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switching characteristics over recommended operating free-air temperature range (unless 
otherwise noted) (see Figure 9 and Figure 10) 









SN54LVT8980 


SN74LVT8980 




PARAMETER 


FROM 


TO 

(UU 1 rU 1 J 


V C C = 3.3 V 
±0.3V 


vcc= 

2.7 V 


V C C = 3.3 V 
±0.3V 


v cc = 

2.7 V 


UNIT 








MIN 


MAX 


MAX 


MIN 


TYPt 


MAX 


MAX 




tPLH 


CLKIN 


TCK 


6 


20 


25 


8 


10 


17 


20 


ns 


tPHL 


6 


20 


25 


8 


10 


17 


20 


l PLH 


CLKIN 


TDO, TMS 


12 


35 


40 


14 


18 


30 


35 


ns 


{ PHL 


12 


35 


40 


14 


18 


30 


35 


tpLH 


rstj. 


D 


3 


35 


40 


4 


17 


30 


35 


ns 


tPHL 


3 


35 


40 


4 


17 


30 


35 


tpLH 


RSTi 


RDY 


3 


35 


40 


4 


17 


30 


35 


ns 


tPHL 


. 3 


35 


40 


4 


17 


30 


35 


tpHL 


OCT 1 
no 1 4- 


1 Or\ 


5 


30 


35 


6 


15 


25 


30 


ns 


l PLH 


RSTl 


TDO, TMS, TRST 


5 


30 


35 


6 


15 


25 


oU 


ns 


tPLH 


o 1 no 1 


nUT 


3 


22 




28 


5 


10 


18 


22 


ns 


*PHL 


STRBl 


RDY 


3 


22 




28 


5 


10 


18 


22 


tpLH 


STRBT 


TCK, TDO, TMS, TRST 




4 35 


10 


14 


22 


28 


ns 


*PHL 


discrete mode 


8 




35 


10 


14 


22 


28 


tpLH 


STRBT 


IVU, 1Mb, I Hoi 


6 


.040 


45 


8 


20 


35 


40 


ns 


'PHL 


other modes 


6iT 40 


45 


8 


20 


35 


40 




STRBl 


D 




' 20 


25 


4 


8 


15 


18 


ns 




3 


20 


25 


4 


8 


15 


18 


'PZH 


STRBT 


TCK, TDO, TMS, TRST 


5 


30 


35 


7 


15 


25 


30 


ns 


tpZL 


5 


30 


35 


7 


15 


25 


30 


tpZH 


TOEi 


TCK, TDO, TMS, TRST 


2 


15 


18 


2 


6 


12 


15 


ns 


tpZL 


2 


15 


18 


2 


6 


12 


15 


tpHZ 


STRBT 


D 


3 


20 


25 


4 


8 


15 


18 


ns 


tpLZ 


3 


20 


25 


4 


8 


15 


18 


tPHZ 


STRBT 


TCK, TDO, TMS, TRST 


5 


30 


35 


7 


15 


25 


30 


ns 


tpLZ 


5 


30 


35 


7 


15 


25 


30 


tPHZ 


TOET 


TCK, TDO. TMS, TRST 


2 


15 


18 


2 


6 


12 


15 


ns 


tpLZ 


2 


15 


18 


2 


6 


12 


15 



t All typical values are at Vqc = 3.3 V, Ta = 25°C. 
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PARAMETER MEASUREMENT INFORMATION 

o 4V 



From Output 

Under Test 

Cl = 50 pF 
(see Note A) 



500 a 

-vw- 



500 Q 



O Open 



TEST 


S1 


tPLH'tpHL 
tpLZ/tpzL 
tPHZ'tpZH 


Open 
4V 
Open 



LOAD CIRCUIT 




Input 1.5 V 



VOLTAGE WAVEFORMS 
PULSE DURATION 



2.7 V 



0V 



Timing Input 



Data Input 



X1.5V 



j *su 



1 t h I 



2.7 V 
0V 



2.7 V 
0V 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



Input 



Output 



Output 




vol 



VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output 
Control 



Output 
Waveform 1 
S1 at 6 V 
(see Note B) 

Output 
Waveform 2 
S1 at GND 
(see Note B) 



IPZL 



tPZH" 



| tpLZ k - 



2.7 V 
0V 

2V 

vol 



tPHz-H j«- 



"^VQH-0-3V V ° H 



0V 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. C|_ includes probe and jig capacitance. 

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

C. All input pulses are supplied by generators having the following characteristics: PRR s 1 0 MHz, Zq = 50 U t r s 2.5 ns, tf < 2.5 ns. 

D. The outputs are measured one at a time with one transition per measurement. 



Figure 9. Load Circuit and Voltage Waveforms (D and RDY Outputs) 
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PARAMETER MEASUREMENT INFORMATION 



6V 



From Output 

Under Test 

Cl = 50 pF 
(see Note A) 



500 Q 
-Wr 



500 £2 



LOAD CIRCUIT 



O Open 
? GND 



VOLTAGE WAVEFORMS 
PULSE DURATION 



2.7 V 




Timing Input 



Data Input 



TEST 


S1 


tPLH'tpHL 
tPLZ'*PZL 
tPHZ'tpZH 


Open 
6V 
GND 



X1.5V 



| *su 1 th i 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



2.7 V 
0V 



2.7 V 
0V 



Input 



Output 



Output 



2.7 V 
0V 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output 
Control 



tpzL-*j N— 



Output 
Waveform 1 
S1 at 6 V 
(see Note B) 

Output l PZH-fr| 
Waveform 2 
S1 at GND 
(see Note B) 



|tPLz->j y 

i tpHz— ii k- 



2.7 V 
0V 

3V 

vol 



r i 



VQH-0.3V V ° H 



ov 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. C|_ includes probe and jig capacitance. 

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

C. All input pulses are supplied by generators having the following characteristics: PRR 5 1 0 MHz, Zrj = 50 Q, t r 5 2.5 ns, tf s 2.5 ns. 

D. The outputs are measured one at a time with one transition per measurement. 



Figure 10. Load Circuit and Voltage Waveforms (TCK, TDO, TMS, TRST Outputs) 
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Members of the Texas Instruments 
SCOPE™ Family of Testability Products 

Compatible With the IEEE Standard 
1149.1-1990 (JTAG) Test Access Port and 
Boundary-Scan Architecture 
Control Operation of Up to Six Parallel 
Target Scan Paths 

Accommodate Pipeline Delay to Target of 
Up to 31 Clock Cycles 

Scan Data Up to 2 32 Clock Cycles 



Execute Instructions for Up to 2 32 Clock 
Cycles 

Each Device Includes Four Bidirectional 
Event Pins for Additional Test Capability 

Inputs Are TTL-Voltage Compatible 
EPIC™ (Enhanced-Performance Implanted 
CMOS) 1-|im Process 

Packaged in 44-Pin Plastic Leaded Chip 
Carrier (FN), 68-Pin Ceramic Pin Grid Array 
(GB), and 68-Pin Ceramic Quad Flat 
Packages (HV) 



description 



The 'ACT8990 test-bus controllers (TBC) are members of the Texas Instruments SCOPE™ testability 
integrated-circuit family. This family of components supports IEEE Standard 1149.1-1990 (JTAG) boundary 
scan to facilitate testing of complex circuit-board assemblies. The 'ACT8990 differ from other SCOPE™ 
integrated circuits. Their function is to control the JTAG serial-test bus rather than being target 
boundary-scannable devices. 

The required signals of the JTAG serial-test bus -test clock (TCK), test mode select (TMS), test data input (TDI), 
and test data output (TDO) can be connected from the TBC to a target device without additional logic. This is 
done as a chain of IEEE Standard 1149.1-1990 boundary-scannable components that share the same 
serial-test bus. The TBC generates TMS and TDI signals for its target(s) , receives TDO signals from its target(s) , 
and buffers its test clock input (TCKI) to a test clock output (TCKO) for distribution to its target(s). The TMS, TDI, 
and TDO signals can be connected to a target directly or via a pipeline, with a retiming delay of up to 31 bits. 
Since the TBC can be configured to generate up to six separate TMS signals [TMS (5-0)], it can be used to 
control up to six target scan paths that are connected in parallel (i.e., sharing common TCK, TDI, and TDO 
signals). 



While most operations of the TBC are syn chrono us to TCKI, atest-off (TOFF) input is provided for output control 
of the target interface, and a test-reset (TRST) input is provided for hardware/software reset of the TBC. In 
addition, four event [EVENT (3-0)] l/Os are provided for asynchronous communication to target device(s). 
Each event has its own event generation/detection logic, and detected events can be counted by two 1 6-bit 
counters. 

The TBC operates under the control of a host microprocessor/microcontroller via the 5-bit address bus 
[ADRS (4-0)] and the 16-bit read/write data bus [DATA (15-0)]. Read (RD) and write (WR) strobes are 
implemented such that the critical host-interface timing is independent of the TCKI period. Any one of 
24 registers can be addressed for read and/or write operations. In addition to control and status registers, the 
TBC contains t wo co mmand registers, a read buffer, and a write buffer. Status of the TBC is transmitted to the 
host via ready (RDY) and interrupt (INT) outputs. 

Major commands can be issued by the host to cause the TBC to generate the TMS sequences necessary to 
move the target(s) from any stable test-access-port (TAP) controller state to any other stable TAP state, to 
execute instructions in the Run-Test/Idle TAP state, or to scan instruction or test data through the target(s). A 
32-bit counter can be preset to allow a predetermined number of execution or scan operations. 

Serial data that appears at the selected TDI input (TDI1 or TDI0) is transferred into the read buffer, which can 
be read by the host to obtain up to 1 6 bits of the serial-data stream. Serial data that is transmitted from the TDO 
output is written by the host to the write buffer. 



SCOPE and EPIC are trademarks of Texas Instruments Incorporated. 



i ot publication data. _ Copyright © 1997, Texas Instruments Incorporated 
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description (continued) 

The SN54ACT8990 is characterized for operation over the full military temperature range of -55°C to 125°C. 
The SN74ACT8990 is characterized for operation from 0°C to 70°C. 



SN54ACT8990 . . . HV PACKAGE 
(TOP VIEW) 



Tj- CO CM 

CO CO CO 

cr cr cc 

O D O O O 

Z < < Z < 



i- o 

CO CO 

cc oc o. >- 

d o a z tr o a a 

< z < u l z z cc loc 



o 



NC ] 
DATAOg 
DATA1 

NCp 
DATA2 ] 
DATA3 ] 

NC ] 
DATA4 ] 
GND ] 

VccB 

NC 
DATA5 
DATA6 

NC 
DATA7 
DATA8 

NC 



9 8 7 6 5 4 3 2 1 68 67 66 65 64 63 62 61 

60 



10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 

27 28 29 30 31 

nnnnn 



32 33 34 35 36 37 38 39 40 41 
1-1 r-ir-i 1-11-11-11-11-11-11-1 



59 

58 

57 

56 

55 

54 

53 

52 

51 

50 

49 

48 

47 

46 

45 

44 
42 43 



o a> o o r: 
z <c zz z 5 



0 3 



CM O CO O Tj- O LO 

r: z -n o ^ - 



[ NC 

[ TMS5/EVENT3 
[ TMS4/EVENT2 
[ NC 

[ TMS3/EVENT1 
[ TMS27EVENT0 
[ NC 

C V C C 
[ GND 
[ TMS1 
[ NC 
[ TMS0 
[ TDO 
[ NC 
[ TCKO 
[ TCKI 
[ NC 



£ > P 
< < 



LL O O 
Z Q 



ZZ O 
Q Z 



NC - No internal connection 
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SN74ACT8990 ... FN PACKAGE 
(TOP VIEW) 



CO CM t- O 

to (/) w to to 

cc cc cc cc cc d . 

Q Q Q Q Q Z 

< < < < < o I 



|d|q|5 
i dc idc is 



DATAO ] 
DATA1 ] 
DATA2 ] 
DATA3 ] 
DATA4 ] 
GND ] 

V C C ] 
DATA5 ] 
DATA6 ] 
DATA7 ] 
DATA8 ] 



I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I 

6 5 4 3 2 1 44 43 42 41 40 

I 7 39 I 



IB 
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36 | 
35 | 
34 | 
33 1 
32 | 
31 
30 1 
29 | 



18 19 20 21 22 23 24 25 26 27 28 

nnnnnnnnnnn 



[ TMS5/EVENT3 
[ TMS4/EVENT2 
[ TMS3/EVENT1 
[ TMS2/EVENT0 

[ V CC 
[ GND 
[ TMS1 
[ TMS0 
[ TDO 
[ TCKO 
[ TCKI 



CD O t— CM CO O ""^ ^ 
P<<<<-£'<< 
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SN54ACT8990 . . . GB PACKAGE 
(TOP VIEW) 
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Table 1. Terminal Assignments 



TERMINAL 


TERMINAL 


TERMINAL 


TERMINAL 


NO. 


NAME 


NO. 


NAME 


NO. 


NAME 


NO. 


NAME 


A2 


NC 


B10 


NC 


F11 


NC 


K6 


NC 


A3 


ADRS4 


B11 


NC 


G1 


DATA5 


K7 


vcc 


A4 


NC 


C1 


DATA2 


G2 


NC 


K8 


DATA15 ■ 


A5 


ADRS1 


C2 


DATA1 


G10 


NC 


K9 


TDIO 


A6 


ADRSO 


C3 


NC 


G11 


TMS1 


K10 


NC 


A7 


NC 


C10 


TMS4/EVENT2 


H1 


NC 


K11 


TCKI 


A8 


INT 


C11 


TMS5/EVENT3 


H2 


DATA6 


L2 


DATA9 


A9 


RD 


D1 


DATA4 


H10 


TDO 


L3 


NC 


A10 


TRST 


D2 


DATA3 


H11 


TMSO 


L4 


DATA12 


B1 


DATAO 


D10 


TMS3/EVENT1 


J1 


DATA8 


L5 


DATA13 


B2 


NC 


D11 


NC 


J2 


DATA7 


L6 


NC 


B3 


ADRS3 


E1 


NC 


J10 


TCKO 


L7 


DATA14 


B4 


ADRS2 


E2 


GND 


J11 


NC 


L8 


TOFF 


B5 


NC 


E10 


vcc 


K1 


NC 


L9 


TDM 


B6 


NC 


E11 


TMS2/EVENT0 


K2 


NC 


L10 


NC 


B7 


GND 


F1 


vcc 


K3 


DATA10 




B8 


RDY 


F2 


NC 


K4 


DATA11 




B9 


WR 


F10 


GND 


K5 


NC 





NC - No internal connection 



functional block diagram 



Target 
Interface 



TMS(5-2)/ 4 
EVENT(3-0)t < y f > 



Event 
Block 



TMS(1-0)-4- 

TDI(1-0)t 

TDO— * 

TOFFt 



2, 



Sequencer 
Block 



TCKO-*- 



Read Data Bus 



Write Data Bus 



16, 



16, 



Counter Block 



Command Block 



Serial Block 



TCKI- 
TRSTt- 



t Inputs have internal pullup resistors. 



Host 
Block 



16. 



4- 




RDY 
INT 
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Terminal Functions 



TERMINAL NAME 


I/O 


DESCRIPTION 


ADRS4- ADRSO 


I 


Address inputs. ADRS4- ADRSO form the 5-bit address bus that interfaces the TBC to its host. These inputs 
specify the TBC register to be read from or written to. 


DATA15-DATA0 


I/O 


Data inputs and outputs. DATA15-DATA0 form the 16-bit bidirectional data bus that interfaces the TBC to its 
host. Data is read from or written to the TBC register using this data bus. 


GND 




Ground 


INT 


o 


Interrupt. INT transmits an interrupt signal to the host. When the TBC requires service from the host, TNT is 
asserted (low). INT will remain asserted (low) until the host has completed the required service. 


NC 




No connection 


RD 


I 


Read strobe. RD is the active low output enable for the data bus. RD is used as the strobe for reading data from 
the selected TBC register. 


RDY 


u 


Ready. RDY transmits a status signal to the host. When the TBC is ready to accept a read or write operation 
from the host, RDY is asserted (low). RDY is not asserted (high) when the TBC is in recovery from a read, write, 
command, or reset operation. 


TCKI 


I 


Test clock input. TCKI is the clock input for the TBC. Most operations of the TBC are synchronous to TCKI. 
When enabled, all target interface outputs change on the falling edge of TCKI. Sampling of target interface 
inputs are configured to occur on either the rising edge or falling edge of TCKI. 


TCKO 


0 


Test clock output. TCKO distributes TCK to the target(s). The TCKO is configured to be disabled, constant zero, 
constant one, or to follow TCKI. When TCKO follows TCKI, it is delayed to match the delay of generating the 
TDO and TMS signals. 


TDI1-TDI0 


I 


Test data inputs. The TDI1 — TDIO serial inputs are used for shifting test data from the target(s). TheTDI inputs 
can be directly connected to the TDO pin(s) of the target(s). 


TDO 


0 


Test data output. TDO is used for shifting test data into the target(s). TDO can be directly connected to the TDI 
terminal(s) of the target(s). 


TMS1 -TMSO 


0 


Test mode select outputs. These parallel outputs transmit TMS signals to the target(s), which direct them 
through their TAP controller states. TMS1 -TMSO can be directly connected to the TMS terminals of the 
target(s). 


TMS5-TMS2/ 
EVENT3-EVENT0 


I/O 


Test mode select outputs or event inputs/outputs. These l/Os can be configured for use as either TMS outputs 
or event inputs/outputs. As TMS outputs, they function similarly to TMS1 —TMSO above. As event l/Os, they 
can be used to receive/transmit interrupt signals to/from the target(s). 


TOFF 


I 


Test-off input. TOFF is the active low output disable for all outputs and l/Os of the target interface (TCKO, TDO, 
TMS, TMS/EVENT). 


TRST 


I 


Test-reset input. TRST is used to initiate hardware and software reset operations of the TBC. Hardware reset 
begins when TRST is asserted (low). Software reset begins when TRST is released (high) and proceeds 
synchronously to TCKI to completion in a predetermined number of cycles. 


WR 


I 


Write input. WR is the strobe for writing data to a TBC data register. Signals present at the data and address 
buses are captured on the rising edge of WR. 


vcc 




Supply voltage 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vcc • -0.5 V to 7 V 

Input voltage range, V| (see Note 1) -0.5 V to Vcc 

Output voltage range, Vq (see Note 1) -0.5 V to Vcc 

Input clamp current, l|« (V| < 0 or V| > Vcc) ±2° mA 

Output clamp current, Iok (Vo < 0 or Vq > Vcc) 420 mA 

Continuous output current, lo (Vo = 0 to Vcc) ±25 m A 

Maximum power dissipation at Ta = 55°C (in still air) (see Note 2): FN package 1 .5W 

Storage temperature range, T s t g -65°C to 150°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 
NOTES: 1 . The input and output voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 

2. The maximum package power dissipation is calculated using a junction temperature of 1 50°C and a board trace length of 75 mils. 
For more information, referto the Package Thermal Cons/deraf/ons application note in the ABT Advanced BiCMOS Technology Data 
Book, literature number SCBD002. 



recommended operating conditions 







SN54ACT8990 


SN74ACT8990 


UNIT 






MIN 


MAX 


MIN 


MAX 


vcc 


Supply voltage 


4.5 


5.5 


4.5 


5.5 


V 


V|H 


High-level input voltage 


2 


2 


V 


V|L 


Low-level input voltage 


0.8 


0.8 


V 


V| 


Input voltage 


0 


vcc 


0 


vcc 


V 


vo 


Output voltage 


0 


vcc 


0 


vcc 


V 


'OH 


High-level output current 


-8 


-6 


mA 


'OL 


Low-level output current 


8 


8 


mA 


ta 


Operating free-air temperature 


-55 


125 


0 


70 


°C 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


Ta = 25°C 


SN54ACT8990 


SN74ACT8990 


UNIT 


MIN TYPt MAX 


MIN MAX 


MIN MAX 


VOH 


V C C = 4.5 V 


l 0 H - -20 nA 


4.4 


4.4 


4.4 


V 


lOH = -8 mA 


3.7 


3.7 


3.7 


V C C - 5-5 V 


l 0 H = -20 nA 


R A 
0.4 


OA 


K A 


lOH - -8 mA 


A 7 


A 7 


A 7 


vol 


Vcc = 4.5 V 
to 5.5 V 


IOL-20 nA 


n 1 

U. I 


n 1 

U. I 


U.l 


V 


Iql = 8 mA 


0.5 


0.5 


0.5 


ii 


ADRS, RD, 
WR, TCKI 


Vcc = 5-5 V, V| = Vcc or GND 


±1 


±1 


±1 


HA 


TDI, TOFF, 
TRST 


V C C = 5.5 V 


V| - V CC 


+1 


±1 


±1 


V| - GND 


-35 -70 -250 


-35 -250 


-35 -250 


ioz* 


INT, rdy, tcko, 
TDO, TMS 


Vcc = 5.5 V, V 0 = V C C or GND 


±10 


+10 


±10 


HA 


DATA, 

TMS/EVENT 


V C C = 5.5 V 


v 0 = v C c 


±10 


±10 


±10 


V 0 = GND 


-35 -70 -250 


-35 -250 


-35 -250 


>cc 


Vcc - 5.5 V, 

, „ V|=V C corGND 

io = o, 


450* 


450 


450 


HA 


Vcc = 5-5 V, Cl = 50 pF 
fclock = 30MHz 


100 






mA 


Ci 


V| = V C c or GND 


5* 






PF 


Cj 0 


V| = V C c or GND 


9* 






PF 


c 0 


V| = Vcc or GND 


8* 






PF 



* On products compliant to MIL-PRF-38535, this parameter does not apply. 

t Typical values are at Vcc = 5 V. 

+" For I/O ports, the parameter Iqz includes the input leakage. 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (see Figure 1) 





SN54ACT8990 


SN74ACT8990 


UNIT 


MIN MAX 


MIN MAX 


'clock Clock frequency 


0 30 


0 30 


MHz 


t w Pulse duration 


RDIowt 




5.5 


ns 


WRIow 


5.5 


5.5 


ns 


EVENT high or low 


8 


8 


TCKI high or low 


10.5 


10.5 


TRSTlow 


6 


6 


t su Setup time 


ADRSt before RDT 




6.5 


ns 


ADRS before WRt 


6.5 


6.5 


ns 


DATA before WRT 


6 


6 


EVENT before TCKlT 


6 


5.5 


EVENT before TCKli 


5 


5 


TDI before TCKlT 


2 


2 


TDI before TCKli 


2 


2 


t n Hold time 


ADRSt after RDt 




5 


ns 


ADRS after WMT 


5.5 


5 


ns 


DATA after WRT 


5.5 


5.5 


EVENT after TCKlT 


5.5 


5 


EVENT after TCKli 


5 


5 


TDI after TCKlT 


4 


2.5 


TDI after TCKli 


4 


2.5 



t Applies only in the case where ADRS (4-0) - 10110 (read buffer). 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (see Figure 1) 



D A B A I1CTCD 


FROM 
(INPUT) 


TO 
(OUTPUT) 


SN54ACT8990 


SN74ACT8990 


UNIT 


MIN MAX 


MIN MAX 


fmax 






30 


30 


MHz 


tPLH 


ADRS 


DATA 


8 43 


19.5 39.3 


ns 


tPHL 


8 43 


19.5 39.3 


tpLH 


RDt 


RDY 


5.3 17 


5.3 13.8 


ns 


wrT 


2.5 16 


2.5 13 


tPLH 


TCKlT 


INT 


3.7 16 


3.7 12.9 


ns 


tPHL 


5.5 15 


5.5 13.1 


tPHL 


TCKlT 


RDY 


4.4 15 


4.4 13.4 


ns 


tPLH 


TCKlT 


TCKO 


3.3 17 


3.3 14.1 


ns 


tPLH 




I Ui\U 


2.3 19 


2.3 15.9 


ns 


tPHL 


3.6 17 


3.6 15.6 


tPLH 




TDO 


2.9 19 


2.9 17.5 


ns 


tPHL 


5.2 20 


5.2 17.9 


tPLH 




TMS 


3.1 19 


3.1 17.5 


ns 


tPHL 


5.1 19 


5.1 18.2 


tPLH 


TCKI4- 


TUP / r - \ irkiT 

I Mo/tvbNT 


1.5 19 


1.5 17.5 


ns 


tPHL 


3.5 20 


3.5 18.9 


*PZH 


RDl 


DATA 


• 3.8 21 


3.8 17.6 


ns 


tpZL 


6.8 28 


6.8 22.6 


tpZH 


TCKlT 


INT 


4.9 19 


4.9 15.3 


ns 


RDY 


3.6 19 


3.6 15.3 


tpZH 


TCKIJ- 


TCKO 


4.1 23 


4.1 19.2 


ns 


tpZL 


4.8 20 


4.8 17.4 


tpZH 




TDO 


4.3 22 


4.3 19.5 


ns 


tPZL 


5 20 


5 17.7 


tPZH 


TCKI-J- 


TMS 


4.6 23 


4.6 19.9 




tPZL 


5.1 20 


5.1 18.5 


tpZH 


TCKIl 


TMS/EVENT 


2 21 


2 18.8 


ns 


<PZL 


3.2 20 


3.2 18.7 


tpZH 


ToffT 


TCKO 


4.6 16 


4.6 12.2 


ns 


tPZL 


3.1 14 


3.1 10.3 


tpZH 


ToffT 


TDO 


4.4 15 


4.4 12.2 


ns 


tPZL 


3.5 14 


3.5 10.8 


tpZH 


ToffT 


TMS 


3.1 16.2 


3.1 14.7 


ns 


tPZL 


1.9 16.7 


1.9 13.6 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (continued) (see Figure 1) 



DA D A 1ICTCD 


FROM 
(INPUT) 


TO 
(OUTPUT) 


SN54ACT8990 


SN74ACT8990 


UNIT 


MIN MAX 


MIN MAX 


tpZH 


TOFFT 


I Mo/hvbN I 


2.3 15.3 


2.3 13.8 


ns 


tPZL 


2.7 16.4 


2.7 13.9 


tPHZ 


rdT 


DATA 


3.8 18.4 


3.8 15.4 


ns 


tPLZ 


4.1 17.1 


4.1 14.8 


tPHZ 






6.7 20.4 


6.7 19.8 


ns 


tPLZ 


4.8 21.1 


4.8 20.4 


tPHZ 


TCKI4- 


TDO 


5.1 21.7 


5.1 21.3 


ns 


*PLZ 


5 20.7 


5 20.3 


tPHZ 


TCKI4- 


TMS 


6.9 22.4 


6.9 21.9 


ns 


tPLZ 


4.6 20.6 


4.6 20.1 


tPHZ 




TMG/CWCMT 


4.7 22.5 


4.7 22.1 


ns 


tPLZ 


2.8 20.5 


2.8 20.1 


tPHZ 


TOFF-l 


TCKO 


5 15.6 


5 15.4 


ns 


tPLZ 


4.4 15.5 


4.4 15.3 


tPHZ 


toffJ- 


I uu 


5.6 16.6 


5.6 16.5 


ns 


*PLZ 


4.6 15.4 


4.6 15.4 


tPHZ 


TOFF4. 


tmg 
I Mo 


4.8 19.1 


4.8 17.1 


ns 


tPLZ 


4.4 17 


4.4 15.8 


tPHZ 


I Urr4- 


TMS/FVFMT 

1 IVIO/ l^. V I— 1 N 1 


4.5 18.8 


4.5 17.3 




tPLZ 


2.4 17.1 


2.4 16.2 


tPHZ 


TRST-i 


DATA 


5.7 23 


5.7 20.8 


ns 


tPLZ 


4.2 20.3 


4.2 20 


tPHZ 


TRST4- 


INT 


6 19.6 


8 19.5 


ns 


tPLZ 


6.1 18 


6.1 17.8 


tPHZ 


trstJ- 


RDY 


6.5 18.8 


6.5 18.7 


ns 


tPLZ 


4.8 17.8 


4.8 17.8 


tPHZ 


trstJ. 


TMS/EVENT 


6 21.1 


6 21.1 


ns 


tPLZ 


4.2 20 


4.2 19.9 
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PARAMETER MEASUREMENT INFORMATION 

„v C c 



From Output 

Under Test 

Cl = 50 pF 
(see Note A) 



1 k£2 

-WV- 



O Open 
9 GND 



TEST 


S1 


tPLH/tPHL 
tPLZ'tPZL 
tPHZ'tPZH 


Open 

v cc 

GND 



Timing Input 



Data Input 



LOAD CIRCUIT 



XE 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



Input 
tpLH 



3V 
OV 



3V 
OV 



3V 
OV 



H >f— tpHL 



Output 



)^ S o % v cc ^Tv 



V 0 H 

-vcc 
Vol 



VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 



Input 




1.5 V: 



IE. 



Output 
Control 
(high-level 
enabling) 



Output 
Waveform 1 
S1 at V C c 
(see Note B) 

Output 
Waveform 2 
S1 at GND 
(see Note B) 



VOLTAGE WAVEFORMS 
PULSE DURATION 



/1.5 V \1.5V 



tpZL-*! |«- I , 



'"Vcc 



tpzH -H \*- 



tPHZ->l U- 



]/ -V 90°/ 

+ 50% V C C V 



90% V C C 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 



3V 



0V 



3V 



0V 



-V CC 

vol 

VOH 

-ov 



NOTES: A. Cl includes probe and jig capacitance. 

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

C. All input pulses are supplied by generators having the following characteristics: PRR < 10 MHz, Zq = 50 £2, t r < 3 ns, t( < 3 ns. 
For testing pulse duration: t r = t( = 1 to 3 ns. Pulse polarity can be either high-to-low-to-high or low-to-high-to-low. 

D. The outputs are measured one at a time with one transition per measurement. 



Figure 1. Load Circuit and Voltage Waveforms 
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Member of the Texas Instruments SCOPE™ 
Family of Testability Products 

Compatible With the IEEE Standard 
1149.1-1990 (JTAG) Test Access Port and 
Boundary-Scan Architecture 

Contains a 1024-Word by 16-Bit 
Random-Access Memory (RAM) to Store 
the States of a Digital Bus 

Test Operations Are Synchronous to the 
Test Clock or System Clock(s) 

Contains Texas Instruments Event 
Qualification Module for Real-Time System 
Test 

Eight Protocols for On-Line Signal 
Monitoring and Test Operations 
Inputs Are TTL-Voltage Compatible 



Performs Parallel-Signature Analysis (PSA) 
of Data Inputs With User-Definable 
Feedback 

Data Inputs Are Maskable During PSA 
Operations 

Cascaded PSA Mode Allows Compression 
of Parallel Data Paths Greater Than 16 Bits 
in Width 

Direct Memory Access (DMA) Speeds 
Memory and Register File Read/Write 
Operations 

Power-Down Mode When RAM Is Idling 

Reduces Power Dissipation 

EPIC™ (Enhanced-Performance Implanted 

CMOS) 1-u.m Process 

Packaged in 28-Pin Plastic Chip Carriers 



description 



FN PACKAGE 
(TOP VIEW) 

O 

cm co tj- m o to I s - 
Q Q Q Q > Q Q 



D1 ] 5 
DO ] 6 
CLK1 ] 7 
CLK2 ] 8 
CLK3 ] 9 
TMS ] 10 
TCK ] 11 



4 3 2 1 28 27 26 



12 13 14 15 16 1718 
i— ii— ir-ir-ir-ii-ir- i 



25 [ D8 
24 [ D9 
23[ D10 
22[ D11 
21 [ D12 
20[ D13 
19[ D14 



q O O O O a 'id 
F 9 Z O El lTj 

h- (5 LU 



7=k tf> 
Q 



The SN74ACT8994 digital bus monitor (DBM) is a member of the Texas Instruments SCOPE™ testability 
integrated-circuit family. This family of components supports IEEE Standard 1149.1-1990 (JTAG) boundary 
scan to facilitate testing of complex circuit-board assemblies. The DBM is a boundary-scannable device 
designed to monitor and/or store the values of a digital bus up to 1 6 bits in width. It resides in parallel with the 
bus being monitored. 

Data at the D-input pins can be stored in a scannable random-access memory (RAM). Up to 1024 words of 
1 6 bits can be stored. A parallel-signature analysis (PSA) can be performed on the data or on the contents of 
memory. The PSA operations use a linear-feedback shift-register technique to compress data into a signature. 
The user can configure the device to mask any combination of data inputs and control the feedback used during 
PSA operations. 



SCOPE and EPIC are trademarks of Texas Instruments Incorporated. 



_ Copyright © 1 996, Texas Instruments Incorporated 

. _, . ■ -.. ... , JSlSL _ On products compliant to MIL-PRF-38535, all parameters are tested 

standard warranty fcoductlon processing does not necessarily Include WP TrjVA C unless otherwise noted. On all other products, production 

testing 01 all parameters. \3 ICAniS processing does not necessarily Include testing ol all parameters. 
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description (continued) 

The DBM receives instructions via the IEEE Standard 1149.1-1990 test access port (TAP) interface. The TAP 
interface consists of test clock (TCK), test mode select (TMS), test data input (TDI), and test data output (TDO) 
pins. 

The DBM can be operated in the off-line mode or the on-line mode. In the off-line mode, the device performs 
test operations independent of system conditions. Off-line test operations include parallel-signature analysis 
(PSA) on the contents of RAM and external test. 

In the on-line mode, the DBM can be configured to perform test operations that are initiated based on system 
conditions and that operate synchronously to a logical combination of one or more system clocks. The device 
allows sample, storage, and/or PSA operations to be performed according to one of eight protocols. Compare 
patterns, which can be stored in the event-qualification module (EQM) , allow the user to define specific values 
of the 1 6-bit bus for which the test operations are to be performed. 

The 1024-word by 16-bit RAM and the EQM register files can be serially accessed using 
I EEE-Standard-1 149. 1-1 990-compatible read and write instructions. However, direct memory access (DMA) 
instructions also are provided to speed transfer of large amounts of data to and from the RAM and EQM. 

The polynomial input/output (PIO) is a bidirectional pin used to cascade more than one DBM to provide 
signature analysis on a bus larger than 16 bits. 

The SN74ACT8994 is characterized for operation from 0°C to 70°C. 
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functional block diagram 



EQI 



17 



CLK1 



CLK2- 



CLK3-5- 



D0- 
D1 - 
D2- 
D3- 
D4- 
D5- 
D6- 
D7- 
D8- 
D9- 
D10- 
D11 - 
D12- 
D13- 
D14- 
D15- 

TDI 

TMS 
TCK 



27 



26 



25 



24 



23 



22 



21 



20 



19 



18 



vcc 

12 : 



11 



Boundary-Scan Register 



PCI -i 



16. 



Test-Cell Register 



RAM 



EQM 



Control/ 
Bypass/ 
Header Registers 



TAP Controller/ 
Instruction Register 



15 



3] 



16 



EQO 



PIO 



TDO 
MUX 



TDO 
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Terminal Functions 



TERMINAL 
NAME NO. 


I/O 


DESCRIPTION 


CLK1, CLK2, CLK3 7,8,9 


I 


Clock 1 , 2, and 3. CLK1 -CLK3 provide various types of system clock and control signals to the 
DBM for the purpose of synchronizing test operations to the system under test. 


DO, D1.D2.D3, D4, 6,5,4,3,2, 
D5, D6, D7, D8, D9, 1 , 27, 26, 25 
D10, D11.D12, 24,23,22, 
D13, D14, D15 21,20,19,18 


I 


• 

Data bus inputs. D15— DO form the 16-bit digital bus that is monitored by the DBM. Data that 
appears at this bus can be compressed into a 16-bit signature and/or stored in the 1024-word 
RAM. Each data bit can be individually masked during test operations. 


EQI 17 


I 


Event-qualification input. EQI is used to receive an external (global) event signal from 
user-defined event-qualification logic. EQI can be configured to initiate test operations in the 
on-line mode. 


EQO 15 


o 


Event-qualification output. EQO is used to transmit any of several internally generated status 
signals. EQO can be configured to transmit internal (local) event signals to external (global) 
event-qualification logic. 


GND 14 




Ground 


PIO 16 


I/O 


Polynominal input/output. PIO is used to cascade more than one DBM to provide signature 
analysis on a bus larger than 1 6 bits. Its configuration as an input or output for a particular DBM 
device depends on the significance (most, middle, or least) of that DBM in the scan path. 


TCK 11 


I 


Test clock. One of four pins required by IEEE Standard 1149.1-1990. Scan operations of the 
DBM are synchronous to TCK. Data is captured on the rising edge of TCK, and outputs change 
on the falling edge of TCK. 


TDI 12 


I 


Test data input. One of four pins required by IEEE Standard 1 149.1-1990. TDI is the serial input 
for shifting data through the instruction register or selected data register. An internal pullup 
forces TDI to a high level if left unconnected. 


TDO 13 


0 


Test data output. One of four pins required by IEEE Standard 1149.1-1990. TDO is the serial 
output for shifting data through the instruction register or selected data register. 


TMS 10 


I 


Test mode select. One of four pins required by IEEE standard 1149.1-1990. TMS directs the 
DBM through its TAP controller states. An internal pullup forces TMS to a high level if left 
unconnected. 


V C C 28 




Supply voltage 



detailed description 

The general architecture of the DBM is shown in the functional block diagram. The DBM contains eight data 
registers and an instruction register that are accessed serially through the TAP. The TAP controller is a 
finite-state machine that issues control and enable signals throughout the device, based on its current state. 
The instruction register (IR) provides additional control signals that are specific to the current instruction. Test 
data is transmitted serially from TDI through the scan path to TDO. The IR or one of the eight data registers is 
always selected in the scan path by the TAP control signals issued to the TDO multiplexer. 

The 1 024-word RAM can be used to store data from the bus being monitored during test operations. The RAM 
is accessed via the TAP interface when the RAM register (RAMR) is selected in the scan path. 

The event-qualification module (EQM) contains two data registers that contain configuration, compare, and 
mask data associated with on-line test operations. The EQM also contains the state machines for the eight 
protocols that include various start/stop, start/pause/resume, and do-while algorithms. These protocols 
operate synchronously to the clock signal generated by the programmable clock interface (PCI). The PCI 
generates a clock signal from one of 32 different logical combinations of CLK1 , CLK2, CLK3, and TCK. The user 
configures the PCI through the control register (CTLR). 



Texas 
Instruments 

8-48 POST OFFICE BOX 655303 O DALLAS, TEXAS 75265 



SN74ACT8994 
DIGITAL BUS MONITOR 

IEEE STD 1149.1 (JTAG) SCAN-CONTROLLED LOGIC/SIGNATURE ANALYZER 

SCAS196E- JULY 1990 -REVISED DECEMBER 1996 



detailed description (continued) 

The test-cell register (TCR) is a data register that performs PSA operations on the data bus or on the contents 
of RAM. During PSA operations, the TCR is a linear-feedback shift register. The CTLR configures the data 
masking and controls the feedback for PSA operations. The boundary-scan register (BSR), header register 
(HR), and bypass register (BR) are data registers that can be serially accessed through the TAP interface. 

instruction register 

The 8-bit instruction register (IR) contains the DBM current instruction, which controls all operations of the 
device. When the IR is placed in the scan path, the IR status word is loaded into the IR and shifted out on TDO 
when the new instruction is shifted in. 

The IR status word contains four status bits. The IRERR status bit is asserted when an opcode that does not 
exhibit even parity is loaded into the IR. The OVF status bit is asserted when the RAM address counter is 
incremented past its maximum value of 3FFh (register value given in hexadecimal format, indicated by the letter 
h following the value). The RUN and EOT status bits pertain to on-line testing and are asserted when a protocol 
is active (RUN) or the end of the protocol is reached (EOT). 

boundary-scan register 

The boundary-scan register (BSR) is a 24-bit register that includes one boundary-scan cell (BSC) for each of 
the non-JTAG input and output pins of the device, two BSCs for PIO (one for input data and one for output data), 
and one BSC for the PIO direction signal. The BSR is used to capture the data appearing at the device periphery 
and to apply test data to the device outputs. 

bypass register 

The bypass register (BR) is a 1-bit register required by IEEE Standard 1 149.1-1990. It provides an abbreviated 
scan path through the DBM when the current test operations do not require it to access one of the other data 
registers. 

control register 

The 45-bit control register (CTLR) issues configuration, control, and enable signals to the device. Data shifted 
into the CTLR configures the data mask and feedback for PSA operations. It also configures the programmable 
clock interface and selects the test operations to be performed (see test operations). 

event-qualification register 1 

Event-qualification register 1 (EQR1) is a 32-bit register that configures the DBM for on-line testing 
(event-qualified testing). Data shifted into EQR1 selects and controls one of eight event-qualification protocols 
and configures the event and status signals. The event signal triggers test operations according to the protocol 
being executed. The status signal is output via EQO. EQR1 also contains the loop counter, which controls the 
number of times an event-qualification protocol is executed. 

event-qualification register 2 

Event-qualification register 2 (EQR2) is used to load the event counter, expected data, and mask data 
(16-word-deep register files) for event-qualified tests. Depending on the current instruction, it is either 48 or 56 
bits in length and can be thought of as three 1 6-bit data segments and two 4-bit address segments. One 4-bit 
address segment addresses the event counter, while the other 4-bit address segment addresses the expected 
data and mask data. 

The register files can be accessed using IEEE-Standard-1 149.1 -1990-compatible instructions or DMA 
instructions. When using IEEE-Standard-1 1 49.1 -1 990-compatible instructions, EQR2 is configured as a 56-bit 
register. The data appearing in the 1 6-bit data segments is loaded into or out of the addresses specified by the 
register's two 4-bit address segments. 
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event-qualification register 2 (continued) 

During execution of the DMA instructions, EQR2 is configured as a 48-bit register containing only the three 
1 6-bit data segments. Using DMA instructions allows a continuous stream of data to be loaded or unloaded from 
the register files. After each 48th bit of the data stream has been shifted to or from the register files, the register 
file addresses are automatically incremented and the first data bit of the next address is shifted. 

header register 

The header register (HR) is an 8-bit register that initiates DMA write operations on the RAM and on the EQR2 
register files. When a DMA write instruction is active, the data being shifted from TDI to TDO is compared against 
the current value of the HR and the DMA write operation begins after a match is found. When the value of the 
HR is set to OOh, DMA write operations can only be initiated by the TAP and are not initiated by the TDI-to-TDO 
data flow. 

random-access memory register 

The random-access memory register (RAMR) is used to access the 1 024-word RAM. Depending on the current 
instruction, it is either 16 bits or 26 bits in length and can be thought of as a 16-bit data segment and a 10-bit 
address segment. 

The RAMR can be accessed using IEEE-Standard-1149.1-1990-compatible instructions or DMA instructions. 
When using the IEEE-Standard-1 149.1-1 990-compatible instructions, RAMR is configured as a 26-bit register. 
The data appearing in the 1 6-bit data segment is loaded into or out of the address specified by the register's 
1 0-bit address. 

During execution of the DMA instructions, RAMR is configured as a 16-bit register containing only the 16-bit 
data segment. Using DMA instructions allows a continuous stream of data to be loaded or unloaded from the 
register. After each 16th bit of the data stream has been shifted to or from the register, the address is 
automatically incremented and the first data bit of the next address is shifted. 

test-cell register 

The test-cell register (TCR) is a 1 6-bit register. It can perform PSA operations on the data inputs or on the 
contents of RAM. The resulting signature can be scanned out and compared against an expected value. The 
TCR is also used during test operations to capture the current value of the data bus. 

test operations 

The primary function of the DBM is to perform test operations while monitoring a digital bus. The test operations 
can be initiated by system conditions (on-line mode) or independent of system conditions (off-line mode). The 
description of each of the system test operations follows. 

sample 

The data at the D inputs is captured in the test-cell register and can be shifted out via TDO for inspection. 

parallel-signature analysis 

A parallel-signature analysis (PSA) is performed on the data appearing at the D inputs. The test-cell register 
is configured as a linear-feedback shift register that compresses the data into a signature. The user can 
configure the device to mask data bits from PSA operations and control the feedback of the linear-feedback shift 
register. When an input is masked, it is ignored and has no effect on the generated signature. 

trace 

The data at the D inputs is stored in the RAM. The RAM address is automatically incremented after each write 
cycle. The device can be configured to clear the RAM address to OOOh at the beginning of test execution. It also 
can be configured to allow write cycles to continue after the maximum address 3FFh is reached (thus clearing 
the address to OOOh and overwriting data). 
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trace/PSA 

The trace and PSA operations are executed simultaneously. All the configuration options for the trace and PSA 
operations are available for trace/PSA. 

In the off-line mode, system test operations are performed via the TAP controller. This is done independent of 
system conditions. 

In the on-line mode, the device is configured to perform system test operations that are dependent on system 
conditions (event-qualified testing) and synchronous to the system clock(s). Eight different event-qualification 
protocols offer a wide range of test schemes that control when system test operations take place. 

An event can be configured as a match between expected data from the register files and data at the D inputs 
(local event-qualified testing). Mask data bits from the register files allow any combination of bits to be ignored 
when the compare takes place. The EQI pin can also be configured as an event to trigger system test operations 
(global event-qualified testing). The device can be configured to output one of several different status signals 
via EQO. These are used for global event-qualified testing. 

The DBM has instructions that enable the user to perform a self-test on the RAM. This is done by filling the RAM 
with known values and performing a PSA on its contents. Instructions are included to expedite the loading of 
the RAM with known values, as well as to perform PSA on the contents of the RAM. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vcc -0 - 5 V to 7 V 

Input voltage range, V| (see Note 1 ) -0.5 V to Vcc 

Output voltage range, Vq (see Note 1 ) -0.5 V to Vcc 

Input clamp current, I|k (V| < 0 or V| > Vcc) ±20 mA 

Output clamp current, Iqk (Vo < 0 or V Q > V C c) ±20 m A 

Continuous output current, lo (Vo = 0 to Vcc) ±25 mA 

Maximum power dissipation at T^ = 55°C (in still air) (see Note 2) 1 .1 W 

Storage temperature range, T s t g -65°C to 1 50°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 
NOTES: 1 . The input and output voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 

2. The maximum package power dissipation is calculated using a junction temperature of 150°C and a board trace length of 75 mils. 
For more information, refer to the Package Thermal Considerations application note in the ABT Advanced BiCMOS Technology Data 
Book, literature number SCBD002. 



recommended operating conditions 





MIN 


MAX 


UNIT 


vcc 


Supply voltage 




4.5 


5.5 


V 


V|H 


High-level input voltage 




2 


V 


V|L 


Low-level input voltage 




0.8 


v 


V| 


Input voltage 




0 


vcc 


V 


v 0 


Output voltage 




0 


vcc 


v 


'OH 


High-level output current 


EQO 


-4 


mA 


PIO, TDO 


-16 


io- 


Low-level output current 


EQO 


4 


mA 


PIO, TDO 


16 


ta 


Operating free-air temperature 




0 


70 


°C 
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electrical characteristics over recommended operating free-air temperature range 



PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


VOH 


EQO 


V C C = 4.5V 


'OH = — 3 mA 




V 


'OH = ~4 rnA 


3.7 


V C C = 5.5V 


'OH = "3 m A 




Iqh = -4 mA 


4.7 


PIO, TDO 


V C C = 4.5V 


l0H--1 1m A 




Iqh = -16 mA 


3.7 


V C C = 5.5V 


Iqh = -11 mA 




Iqh = -16 mA 


4.7 


vol 


EQO 


VCC = 4.5 V to 5.5 V 


lOL = 3 mA 




V 


lOL = 4 mA 


0.5 


PIO, TDO 


VCC - 4.5 V to 5.5 V 


IOL= 11 mA 




Iql= 16 mA 


0.5 


h 


CLK, D, EQI, TCK 


Vcc = 5.5 V, V| = VcC or GND 


±1 


HA 


TDI, TMS 


V C C = 5.5V, V|=V C C 


±1 


TDI, TMS 


Vcc = 5.5 V, V| = GND 


—0.1 —20 


toz* 


PIO, TDO 


Vcc = 5.5 V, V 0 - Vcc or GND 


±5 


HA 


ice 


RAM disabled 


Vcc = 5.5 V, V| = Vcc or GND, lo = 0 


200 


HA 


RAM enabled 


Vcc - 5.5 V, V| = Vcc or GND, lo - 0 


200 


mA 


Alec 


Vcc = 5.5 V, One input at 3.4 V, 
Other inputs at Vcc or GND 


1 


mA 


Ci 


V| = Vcc or GND 


4* 


PF 


Cj 0 


Vo = Vcc or GND 


7* 


PF 


C 0 


Vq = Vcc or GND 


6* 


PF 



* On products compliant to MIL-PRF-38535, this parameter does not apply. 

t Typical values are at Vcc ■ 5 V, Ta » 25°C. 

$ For I/O pins, the parameter loz includes the input-leakage current. 

timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (see Figurel) 





MIN MAX 


UNIT 


fclock Clock frequency 


Any CLK (except during PSARAM instruction)§ 


0 50 


MHz 


TCK (except during PSARAM instruction)§ 


0 50 


Any CLK or TCK (during PSARAM instruction)§ 


0 17 


t w Pulse duration 


Any CLK or TCK high or low 


7 


ns 


t su Setup time 


TDI before TCKt 


2 


ns 


TMS before TCKt 


4 


Any D before any CLK or TCK 


5 


EQI before any CLK or TCK 


4 


PIO before any CLK or TCK 


1 


t n Hold time 


TDI after TCKt 


5 


ns 


TMS after TCKt 


3 


Any D after any CLK or TCK 


3 


EQI after any CLK or TCK 


2 


PIO after any CLK or TCK 


5 


t(j Delay time 


Power up to TCKt 


100 


ns 



§ The PSARAM instruction performs a parallel-signature analysis on the contents of RAM. This instruction is provided to allow self-test of the RAM. 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (see Figure 1) 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


MIN 


MAX 


UNIT 




Any CLK (except during PSARAM instruction)t 


50 




'max 


TCK (except during PSARAM instruction)! 


50 


MHz 




Any CLK or TCK (during PSARAM instructionjt 


17 




'PLH 


Any CLK 


EQO 


7 


18 


ns 


tPHL 


7 


17 


tPLH 


Any CLK 


PIO 


9 


22 


ns 


tPHL 


9 


22 


'PLH 


Any CLK 


TDO 


9 


20 


ns 


'PHL 


8 


19 


tDI U 


Any D 


EQO 


5 


17 


ns 


tDUl 
l rML 


4 


15 


tDI U 

TLn 


TCKi 


EQO 


5 


16 


ns 


'PHL 


5 


15 


'PLH 


TCKi 


PIO 


8 


19 


ns 


tDUl 


8 


19 


tpi M 


TCKi 


TDO 


3 


12 


ns 


tPHL 


3 


11 


IPZH 


TCKi 


PIO 


5 


18 


ns 


tpZL 


5 


18 


tpZH 


TCKi 


TDO 


3 


11 


ns 


tpZL 


2 


10 


tPHZ 


TCKi 


PIO 


6 


16 


ns 


tPLZ 


5 


15 


tPHZ 


TCKi 


TDO 


9 


16 


ns 


tPLZ 


8 


15 



t The PSARAM instruction performs a parallel-signature analysis on the contents of RAM. This instruction is provided to allow self test of the RAM. 
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PARAMETER MEASUREMENT INFORMATION 

o V CC 



From Output 

Under Test 

Cl = 50 pF 
(see Note A) 



1 k£2 

-A/W- 



S1 



A f O Open 
? GND 



LOAD CIRCUIT 



Timing Input 



Data Input 



t„u 'l* lh 



3V 
0V 

3V 
0V 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



J, >l 

I 



tPLH 



I I 
M >j— tpHL 



3V 
0V 



Output 



VOH 

vcc 
vol 



VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 



TEST 


S1 


tPLH'tPHL 
tPLZ/tpZL 
tPHZ'tpZH 


Open 

vcc 

GND 



tw 




Input 1.5 V 



VOLTAGE WAVEFORMS 
PULSE DURATION 



Output 
Control 
(low-level 
enabling) 



1.5 V 



tpZL 



+ 1.5V 



Output 
Waveform 1 
S1 at Vqc 
(see Note B) 

Output 
Waveform 2 
S1 at GND 
(see Note B) 



tPLZ-+| N- 

I I 

60%V C c|^o, 



3V 
0V 



3V 



0V 



a /oV C C 



Vcc 



tpHZ-^l k- 

tpzH -H N- 




VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 



NOTES: A. Cl includes probe and jig capacitance. 

B. Waveform 1 is (or an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

C. All input pulses are supplied by generators having the following characteristics: PRR < 10 MHz, Zq = 50 Q, t r < 3 ns, tf < 3 ns. 
For testing pulse duration: t r = tf = 1 to 3 ns. Pulse polarity can be either high-to-low-to-high or low-to-high-to-low. 

D. The outputs are measured one at a time with one transition per measurement. 



Figure 1. Load Circuit and Voltage Waveforms 
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Members of Texas Instruments Broad 
Family of Testability Products Supporting 
IEEE Std 1149.1-1990 (JTAG) Test Access 
Port (TAP) and Boundary-Scan Architecture 

Extend Scan Access From Board Level to 
Higher Levels of System Integration 

Promote Reuse of Lower-Level 
(Chip/Board) Tests in System Environment 
Switch-Based Architecture Allows Direct 
Connect of Primary TAP to Secondary TAP 

Primary TAP Is Multidrop for Minimal Use of 
Backplane Wiring Channels 

Simple Addressing (Shadow) Protocol Is 
Received/Acknowledged on Primary TAP 

Shadow Protocols Can Occur in Any of 
Test-Logic-Reset, Run-Test/Idle, Pause-DR, 
and Pause-IR TAP States to Provide for 
Board-to-Board Test and Built-in Self Test 
10-Bit Address Space Provides for up to 
1021 User-Specified Board Addresses 
Bypass (BYP) Pin Forces 
Primary-to-Secondary Connection Without 
Use of Shadow Protocols 



Connect (CON) Pin Provides Indication of 
Primary-to-Secondary Connection 

High-Drive Outputs (-32-mA Iqh> 64-mA Iol) 
Support Backplane Interface at Primary and 
High Fanout at Secondary 

Package Options Include Plastic Small- 
Outline (DW) and Thin Shrink Small- 
Outline (PW) Packages, Ceramic Chip 
Carriers (FK), and Ceramic DIPs (JT) 



description 



SN54ABT8996 . . . JT PACKAGE 
SN74ABT8996 . . . DW OR PW PACKAGE 
(TOP VIEW) 

24 ] A5 
23 ] A6 
22 ] A7 
21 ] A8 
20 ] A9 
19 ] Vcc_ 
18 ] CON 
17 ] STDI 
16 ] STCK 
15 ] STMS 
14 ] STDO 
13 ] STRST 



SN54ABT8996 . ■ . FK PACKAGE 
(TOP VIEW) 




55 



O mm s 
2 < < < 



A1 ] 5 
AO ]6 
BYP ]7 
NC ]8 
GND ]9 
PTDO ]10 



4 3 2 1 28 27 26 



PTCKp11 12 1314 1516 17 18 19L]STCK 
f-ir— ii— ii— if— ii— ii— i 



25 [ A8 
24 [ A9 
23 [ V cc 
22[ NC_ 
21 [ CON 
20 [ STDI 



br b- 



o 



. o w 
w Q 2 

DC h- H 



NC - No internal connection 



The 'ABT8996 1 0-bit addressable scan ports (ASP) are members of the Texas Instruments SCOPE™ testability 
integrated-circuit family. This family of devices supports IEEE Standard 1 1 49.1 -1 990 boundary scan to facilitate 
testing of complex circuit assemblies. Unlike most SCOPE™ devices, the ASP is not a boundary-scannable 
device, rather, it applies Tl's addressable-shadow-port technology to the IEEE Standard 1149.1-1990 (JTAG) 
test access port (TAP) to extend scan access beyond the board level. 

Conceptually, the ASP is a simple switch that can be used to directly connect a set of multidrop primary TAP 
signals to a set of secondary TAP signals - for example, to interface backplane TAP signals to a board-level 
TAP. The ASP provides all signal buffering that might be required at these two interfaces. When primary and 
secondary TAPs are connected, only a moderate propagation delay is introduced - no storage/retiming 
elements are inserted. This minimizes the need for reformatting board-level test vectors for in-system use. 



SCOPE is a trademark of Texas Instruments Incorporated. 



ot publication date. H Copyright© 1996, Texas Instruments Incorporated 

of Texas Instruments -i/i 

_ . . it necessarily Include TVv a <~t 

tasting of all parameters. j\r 1EXAS 



Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily Include 
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description (continued) 

Most operations of the ASP are synchronous to the primary test clock (PTCK) input. This PTCK signal is always 
buffered directly onto the secondary test clock (STCK) output. 

Upon power up of the device, the ASP assumes a condition in which the primary TAP is disconnected from the 
secondary TAP (unless the bypass signal i s used, as below). This reset condition al so can b e entered by the 
assertion of the primary test reset (PTRST) input or by u se of shadow protocol. The PTRST signal is always 
buffered directly onto the secondary test reset (STRST) output, ensuring that the ASP and its associated 
secondary TAP can be reset simultaneously. 

When connected, the primary test data input (PTDI) and primary test mode select (PTMS) input are buffered 
onto the secondary test data output (STDO) and secondary test mode select (STMS) output, respectively, while 
the secondary test data input (STDI) is buffered onto the primary test data output (PTDO). When disconnected, 
STDO is at high impedance, while PTDO is at high impedance, except during acknowledgement of a shadow 
protocol. Upon disconnect of the secondary TAP, STMS holds its last low or high level, allowing the secondary 
TAP to be held in its last stable state. Upon reset of the ASP, STMS is high, allowing the secondary TAP to be 
synchronously reset to the Test-Logic-Reset state. 

In system, primary-to-secondary connection is based on shadow protocols that are received and acknowledged 
on PTDI and PTDO, respectively. These protocols can occur in any of the stable TAP states other than Shift-DR 
or Shift-IR (i.e., Test-Logic-Reset, Run-Test/ldle, Pause-DR or Pause-IR). The essential nature of the protocols 
is to receive/transmit an address via a serial bit-pair signaling scheme. When an address is received serially 
at PTDI that matches that at the parallel address inputs (A9-A0), the ASP serially retransmits its address at 
PTDO as an acknowledgement and then assumes the connected (ON) status, as above. If the received address 
does not match that at the address inputs, the ASP immediately assumes the disconnected (OFF) status without 
acknowledgement. 

The ASP also supports three dedicated addresses that can be received globally (that is, to which all ASPs 
respond) during shadow protocols. Receipt of the dedicated disconnect address (DSA) causes the ASP to 
disconnect in the same fashion as a non-matching address. Reservation of this address for global use ensures 
that at least one address is available to disconnect all receiving ASPs. The DSA is especially useful when the 
secondary TAPs of multiple ASPs are to be left in different stable states. Receipt of the reset address (RSA) 
causes the ASP to assume the reset condition, as above. Receipt of the test-synchronization address (TSA) 
causes the ASP to assume a connect status (MULTICAST) in which PTDO is at high impedance but the 
connections from PTMS to STMS and PTDI to STDO are maintained to allow simultaneous operation of the 
secondary TAPs of multiple ASPs. This is useful for multicast TAP-state movement, simultaneous test operation 
(such as in Run-Test/Idle state), and scanning of common test data into multiple like scan chains. The TSA is 
valid only when received in the Pause-DR or Pause-IR TAP states. 

Alternatively, primary-to-secondary connection can be selected by asse rtion of a low level at the bypass (BYP) 
input. This operation is asynchronous to PTCK and is independent of PTRST and/or power-up reset. This 
bypassing feature is especially useful in the board-test environment, sinc e it al lows the board-level automated 
test equipment (ATE) to treat the ASP as a sim ple tra nsceiver. When the BYP input is high, the ASP is free to 
respond to shadow protocols. Otherwise, when BYP is low, shadow protocols are ignored. 

Whether the connected stat us is a chieved by use of shadow protocol or by use of BYP, this status is indicated 
by a low l evel a t the connect (CON) output. Likewise, when the secondary TAP is disconnected from the primary 
TAP, the CON output is high. 

The SN54ABT8996 is characterized for operation over the full military temperature range of -55°C to 125°C. 
The SN74ABT8996 is characterized for operation from -40°C to 85°C. 
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FUNCTION TABLE 



INPUTS 


SHADOW-PROTOCOL 
RESULTT 


OUTPUTS 


PRIMARY-TO-SECONDARY 
CONNECT STATUS 


BYP 


PTRST 


STRST 


STCK 


STMS 


STDO 


PTDO 


CON 


L 


L 


— 


L 


PTCK 


H* 


PTDI 


STDI 


L 


BYP/TRST* 


L 


H 




H 


PTCK 


PTMS 


PTDI 


STDI 


L 


BYP 


H 


L 




L 


PTCK 


H 


Z 


z 


H 


TRST 


H 


H 


RESET 


H 


PTCK 


H 


Z 


z 


H 


RESET 


H 


H 


MATCH 


H 


PTCK 


PTMS 


PTDI 


STDI 


L 


ON 


H 


H 


NO MATCH 


H 


PTCK 


STMS 0 § 


Z 


Z 


H 


OFF 


H 


H 


HARD ERRORS 


H 


PTCK 


STMSo§ 


Z 


z 


H 


OFF 


H 


H 


DISCONNECT 


H 


PTCK 


STMSo§ 


z 


z 


H 


OFF 


H 


H 


TEST SYNCHRONIZATION 


H 


PTCK 


PTMS 


PTDI 


z 


L 


MULTICAST 



t Shadow protocols are received serially via PTCK and PTDI and acknowledged serially via PTCK and PTDO under certain conditions in which 
PTMS is static low or static high (see shadow protocol). The result shown here follows any required acknowledgement; 

* In normal operation of IEEE Std 11 49.1 -compliant architectures, it is recommended that TMS be high prior to release of TRST. The BYP/TRST 
connect status ensures that this condition is met at STMS re gardless of the applied PTMS. Also, it i s recommended that STMS be kept high for 
a minimum duration of 5 PT CK cyc les following assertion of PTRST, either by maintaining PTRST low or by setting PTMS high. This ensures 
that ICs both with an d with out TRST inputs are moved to their Test-Logic-Reset TAP state s. It is expected that in normal application, this condition 
will only occur when BYP is fixed at the low state. In such case, upon release of PTRST, the ASP immediately resumes the BYP connect status. 

§ STMS level before indicated steady-state conditions were established 

' The shadow protocol is well defined. Some variations in the protocol are tolerated (see protocol errors). Those that are not tolerated are 
considered hard errors and cause disconnect as indicated. 



functional block diagram 



PTCK 



STCK 




A9-A0 



Pin numbers shown are for the DW, JT, and PW packages. 
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Terminal Functions 


TERMINAL 
NAME 


DESCRIPTION 


A9-A0 


Address inputs. The ASP compares addresses received via shadow protocol against the value at A9-A0 to determine 
address match. The bit order is from most significant to least significant. An internal pullup at each A9-A0 terminal forces 
the terminal to a high level if it has no external connection. 


BYP 


Bypass input. A low input at BYP forces the ASP into BYP or BYP/TRST status, depending on PTRST being high or 
low, respectively. While BYP is low, shadow protocols are ignored. Otherwise, while BYP is high, the ASP is free to 
respond to shadow protocols. An internal pullup forces BYP to a high level if it has no external connection. 


CON 


Connect indicator (output). The ASP indicates secondary-scan-port activity (resulting from BYP, BYP/TRST, 
MULTICAST, or ON status) by forcing CON to be low. Inactivity (resulting from OFF, RESET, orTRST status) is indicated 
when CON is high. 


GND 


Ground 


PTCK 


Primary test clock. PTCK receives the TCK signal required by IEEE Standard 1149.1-1990. The ASP always buffers 
PTCK to STCK. Shadow protocols are received/acknowledged synchronously to PTCK and connect-status changes 
invoked by shadow protocol are made synchronously to PTCK. 


PTDI 


Primary test data input. PTDI receives the TDI signal required by I EEE Standard 1 1 49. 1 -1 990. During appropriate TAP 
states, the ASP monitors PTDI for shadow protocols. During shadow protocols, data at PTDI is captured on the rising 
edge of PTCK. When a valid shadow protocol is received in this fashion, the ASP compares the received address against 
the A9-A0 inputs. If the ASP detects a match, it outputs an acknowledgement and then connects its primary TAP 
terminals to its secondary TAP terminals. Under BYP, BYP/TRST, MULTICAST or ON status, the ASP buffers the PTDI 
signal to STDO. An internal pullup forces PTDI to a high level if it has no external connection. 


PTDO 


Primary test data output. PTDO transmits the TDO signal required by IEEE Standard 1149.1-1990. During shadow 
protocols, the ASP transmits any required acknowledgement via the PTDO. The acknowledgement data output at PTDO 
changes on the falling edge of PTCK. Under BYP, BYP/TRST, or ON status, the ASP buffers the PTDO signal from STDI. 

i Lijn. r~\ ' — r~ iji it ~r I A ot nror-r „ „ toot . — nTnrt - _ „ i l, : « u ! —~ n j nn nn 

Under OFF, MULTICAST, RESET, or TRST status, PTDO is at high impedance. 


PTMS 


Primary test mode select. PTMS receives the TMS signal required by IEEE Standard 1149.1-1990. The ASP monitors 
the PTMS to determine the TAP-controller state. During stable TAP states other than Shift-DR or Shift-IR (i.e., 
Test-Logic-Reset, Run-Test-ldle, Pause-DR, Pause-IR) the ASP can respond to shadow protocols. Under BYP, 
MULTICAST, or ON status, the ASP buffers the PTMS signal to STMS. An internal pullup forces PTMS to a high level 
if it has no external connection. 


PTRST 


Primary test reset. PTRST receives the TRST signal allowed by IEEE Standard 1149.1-1990. The ASP always buffers 
PTRST to STRST. A low input at PTRST forces the ASP to assume TRST or BYP/TRST status, depending on BYP being 
high or low, respectively. Such operation also asynchronously resets the internal ASP state to its power-up condition. 
Otherwise, while PTRST is high, the ASP is free to respond to shadow protocols. An internal pullup forces PTRST to 
a high level if it has no external connection. 


STCK 


Secondary test clock. STCK retransmits the TCK signal required by IEEE Standard 1149.1-1990. The ASP always 
buffers STCK from PTCK. 


STDI 


Secondary test data input. STDI receives the TDI signal required by IEEE Standard 1149.1-1990. Under BYP, 
BYP/TRST, or ON status, the ASP buffers STDI to PTDO. An internal pullup forces STDI to a high level if it has no external 
connection. 


STDO 


Secondary test data output. STDO transmits the TDO signal required by IEEE Standard 1149.1-1990. Under BYP, 
BYP/TRST, MULTICAST, or ON status, the ASP buffers STDO from PTDI. Under OFF, RESET, or TRST status 7 , STDO 
is at high impedance. 


STMS 


Secondary test mode select. STMS retransmits the TMS signal required by IEEE Standard 1149.1-1990. Under BYP, 
MULTICAST, or ON status, the ASP buffers STMS from PTMS. When disconnected (as a result of OFF status), STMS 
maintains its last valid state until the ASP assumes BYP/TRST, RESET, or TRST status (upon which it is forced high) 
or the ASP again assumes BYP, MULTICAST, or ON status. 


STRST 


Secondary test reset. STRST retransmits the TRST signal allowed by IEEE Standard 1149.1-1990. The ASP always 
buffers STRST from PTRST. 


vcc 


Supply voltage 
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application information 

In application, the ASP is used at each of several (serially-chained) groups of IEEE Std 11 49.1 -compliant 
devices. The ASP for each such group is assigned an address (via inputs A9-A0) that is unique from that 
assigned to ASPs for the remaining groups. Each ASP is wired at its primary TAP to common (multidrop) TAP 
signals (sourced from a central IEEE Std 1149.1 bus master) and fans out its secondary TAP signals to the 
specific group of IEEE Std 11 49.1 -compliant devices with which it is associated. An example is shown in 
Figure 1 . 



IEEE Std 1149.1- 
Compliant 
Device Chain 
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ASP 
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TDO 



TRST 
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Figure 1. ASP Application 

This application allows the ASP to be wired to a 4- or 5-wire multidrop test access bus, such as might be found 
on a backplane. Each ASP would then be located on a module, for example a printed-circuit board (PCB), which 
contains a serial chain of IEEE Std 11 49.1 -compliant devices and which would plug into the module-to-module 
bus (e.g., backplane). In the complete system, the ASP shadow protocols would allow the selection of the scan 
chain on a single module. The selected scan chain could then be controlled, via the multidrop TAP, as if it were 
the only scan chain in the system. Normal IR and DR scans can then be performed to accomplish the module 
test objectives. 

Once scan operations to a given module are complete, another module can be selected in the same fashion, 
at which time the ASP-based connection to the first module is dissolved. This procedure can be continued 
progressively for each module to be tested. Finally, one of two global addresses can be issued to either leave 
all modules unselected (disconnect address, DSA) or to deselect and reset scan chains for all modules (reset 
address, RSA). 

Additionally, in Pause-DR and Pause-IR TAP states, a third global address (test-synchronization address, TSA) 
can be invoked to allow simultaneous TAP-state changes and multicast scan-in operations to selected modules. 
This is especially useful in the former case, for allowing selected modules to be moved simultaneously to the 
Run-Test-Idle TAP state for module-level or module-to-module built-in self-test (BIST) functions, which operate 
synchronously to TCK in that TAP state, and in the latter case, for scanning common test setup/data into multiple 
like modules. 
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architecture 

Conceptually, the ASP can be viewed as a bank of switches that can connect or isolate a module-level TAP 
to/from a higher-level (e.g., module-to-module) TAP. This is shown in Figure 2. The state of the switches (open 
versus closed) is based on shadow protocols, which are received on PTDI and are synchronous to PTCK. 

The simple architecture of the ASP allows the system designer to overcome the limitations of IEEE Std 1149.1 
ring and star configurations. Ring configurations (in which each module's TDO is chained to the next module's 
TDI) are of limited use in backplane environments, since removal of a module breaks the scan chain and 
prevents test of the remainder of the system. Star configurations (in which all module TDOs and TDIs are 
connected in parallel) are suited to the backplane environment, but, since each module must receive its own 
TMS, are costly in terms of backplane routing channels. By comparison, use of the ASP allows all five IEEE 
Std 1149.1 signals to be routed in multidrop fashion. 



A9-A0 



BYP 



PTDO 



PTCK 



From Multidrop, 
Module-to-Module <^ PTMS 
Test Access Port 



PTDI 



PTRST 




CON 



STDI 



STCK 



STMS 



STDO 



STRST 



To Module-Level 
Test Access Port 



Figure 2. ASP Conceptual Model 

As shown in the functional block diagram, the ASP comprises three major logic blocks. Blocks for 
shadow-protocol receive and shadow-protocol transmit are responsible for receipt of select protocol and 
transmission of acknowledge protocol, respectively. The connect-control block is responsible for TAP-state 
monitor and address matching. 

Some additional logic is illustrated outside of these major blocks. This additional logic is responsible for 
controlling the activity of t he AS P outputs based on the shadow-protocol result and/or protocol bypass [as 
selected by an active (low) BYP input]. 
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shadow protocol 

Addressing of an ASP in system is accomplished by shadow protocols, which are received at PTDI 
synchronously to PTCK. Shadow protocols can occur only in the following stable TAP states: Test-Logic-Reset, 
Run-Test/ldle, Pause-DR, and Pause-IR. Shadow protocols never occur in Shift-DR or Shift-IR states in order 
to prevent contention on the signal bus to which PTDO is wired. Additionally, the ASP PTMS must be held at 
a constant low or high level throughout a shadow protocol. If TAP-state changes occur in the midst of a shadow 
protocol, the shadow protocol is aborted and the select-protocol state machine returns to its initial state. 

The shadow protocol is based on a serial bit-pair signaling scheme in which two bit-pair combinations (data one, 
data zero) are used to represent address data and the other two bit-pair combinations (select, idle) are used 
for framing - that is, to indicate where address data begins and ends. 

These bit pairs are received serially at PTDI (or transmitted serially at PTDO) synchronously to PTCK as follows: 

- The idle bit pair (I) is represented as two consecutive high signals. 

- The select bit pair (S) is represented as two consecutive low signals. 

- The data-one bit pair (D) is represented as a low signal followed by a high signal. 

- The data-zero bit pair (D) is represented as a high signal followed by a low signal. 



PTDI 
or 
PTDO 

PTCK 



r 



_ru~L_n_ 



First Bit of Pair Is Transmitted ' 
First Bit of Pair Is Received 
Second Bit of Pair Is Transmitted 
Second Bit of Pair Is Received 



A ii n a 



Figure 3. Bit-Pair Timing (Data Zero Shown) 

A complete shadow protocol is composed of the receipt of a select protocol followed, if applicable, by the 
transmission of an acknowledge protocol (which is issued from PTDO only if the received address matches that 
at the A9-A0 inputs). Both of these subprotocols are composed of ten data bit pairs framed at the beginning 
by idle and select bit pairs and at the end by select and idle bit pairs. This is represented in an abbreviated 
fashion as follows: ISDDDDDDDDDDSI. Figure 4 shows a complete shadow protocol (the symbol T is used to 
represent a high-impedance condition on the associated signal line - since the high-impedance state at PTDI 
is logically high due to pullup, it maps onto the idle bit pair). 
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Figure 4. Complete Shadow Protocol 
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select protocol 

The select protocol is the ASP's means of receiving (at PTDI) address information from an IEEE Std 1 1 49.1 bus 
master. It follows the ISDDDDDDDDDDSI sequence described previously. A 10-bit address value is decoded 
from the received data-one and/or data-zero bit pairs. These bit pairs are interpreted in least-significant-bit-first 
order (that is, the first data bit pair received is considered to correspond to AO). 

acknowledge protocol 

Following the receipt of a complete select-protocol sequence, the protocol result provisionally is set to NO 
MATCH and the connect status set to OFF. The received address is then compared to that at the ASP address 
inputs (A9-A0). If these address values match, the ASP immediately (with no delay) responds with an 
acknowledge protocol transmitted from PTDO. This protocol follows the ISDDDDDDDDDDSI sequence 
described previously. The transmitted address represents the address of the selected ASP which, by definition, 
is the same address the ASP received in the select protocol. The 1 0-bit address value is encoded into data-one 
and/or data-zero bit pairs. The bit pairs are to be interpreted in least-significant-bit-first order (that is, the first 
data bit pair transmitted is to be considered to correspond to AO). If the received address does not match that 
at the A9-A0 inputs, no acknowledge protocol is transmitted and the shadow protocol is considered complete. 

protocol errors 

Protocol errors occur when bit pairs are received out of sequence. Some of these sequencing errors can be 
tolerated and are termed soft errors. No specific action occurs as the result of a soft error. Other errors represent 
cases where the addressing information could be incorrectly received and are termed hard errors. Hard errors 
are characterized by sequences in which at least one bit of address data has been properly transmitted followed 
by a sequencing error. When a hard error occurs, any connection to an ASP is dissolved. 

Table 1 lists the bit-pair sequences that result in soft errors and hard errors. A hard error also results when the 
primary TAP state changes during select protocol following the proper transmission of at least one bit of address 
data. Figures 16 and 17 show shadow-protocol timing in case of protocol hard error while Figure 18 shows 
shadow-protocol timing in case of protocol soft error. 



Table 1. Shadow-Protocol Errorst 



SOFT ERRORS 


HARD ERRORS 


l(D)l 
l(D)(S)l 
l(D)(S)(D)l 

l(S)l 
IS(S)(D)I 
IS(S)(D)(S)I 


IS(D)I 
IS(D)S(D)I 
IS(D)S(S)I 



tA bit-pair token in parentheses 
represents one or more instances. 



long address 

Receipt of an address longer than ten bits is considered a hard error and the ASP assumes OFF status. The 
sole exceptions are when all data ones are received or all data zeros are received. In these special cases, the 
global addresses represented by these bit sequences are observed and appropriate action taken. That is, in 
the case that only data ones (ten or more) are received, the shadow-protocol result is TEST 
SYNCHRONIZATION (if the primary TAP state is Pause-DR or Pause-IR), and in the case that only data zeros 
(ten or more) are received, the shadow-protocol result is RESET (see test-synchronization address and reset 
address). 

short address 

In all cases, receipt of an address shorter than ten bits is considered a hard error and the ASP assumes 
OFF status. 
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connect control 

The connect-control block monitors the primary TAP state to enable receipt/acknowledge of shadow protocols 
in appropriate states (namely, the stable, non-Shift TAP states: Test-Logic-Reset, Run-Test/ldle, Pause-DR, 
and Pause-IR). Upon receipt of a valid shadow protocol, this block performs the address matching required to 
compute the shadow-protocol result. 

TAP-state monitor 

The TAP-state monitor is a synchronous finite-state machine that monitors the primary TAP state. The state 
diagram is shown in Figure 5 and mirrors that specified by IEEE Standard 11 49.1 -1 990. The TAP-state monitor 
proceeds through its states based on the level of PTMS at the rising edge of PTCK. Each state is described both 
in terms of its significance for ASP devices and for connected IEEE Std 11 49.1 -compliant devices (called 
targets). However, the monitor state (primary TAP) can be different from that of disconnected scan chains 
(secondary TAP). 
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Figure 5. TAP-Monitor State Diagram 
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Test-Logic-Reset 

The ASP TAP-state monitor powers up in the Test-Lo gic-Reset state. Alternatively, the ASP can be forced 
asynchronously to this state by assertion of its PTRST input. In the stable Test-Logic-Reset state, the ASP is 
enabled to receive and respond to shadow protocols. The ASP does not recognize the TSA in this state. 

For a target device in the stable Test-Logic-Reset state, the test logic is reset and is disabled so that the normal 
logic function of the device is performed. The instruction register is reset to an opcode that selects the optional 
IDCODE instruction, if supported, or the BYPASS instruction. Certain data registers also can be reset to their 
power-up values. 

Run-Test/ldle 

In the stable Run-Test/Idle state, the ASP is enabled to receive and respond to shadow protocols. The ASP does 
not recognize the TSA in this state. 

For a target device, Run-Test/Idle is a stable state in which the test logic can be actively running a test or can 
be idle. 

Select-DR-Scan, Select-IR-Scan 

The ASP is not enabled to receive and respond to shadow protocols in the Select-DR-Scan and 
Select-IR-Scan states. 

For a target device, no specific function is performed in the Select-DR-Scan and Select-IR-Scan states, and the 
TAP controller exits either of these states on the next TCK cycle. These states allow the selection of either 
data-register scan or instruction-register scan. 

Capture-DR 

The ASP is not enabled to receive and respond to shadow protocols in the Capture-DR state. 

For a target device in the Capture-DR state, the selected data register can capture a data value as specified 
by the current instruction. Such capture operations occur on the rising edge of TCK upon which the Capture-DR 
state is exited. 

Shift-DR 

The ASP is not enabled to receive and respond to shadow protocols in the Shift-DR state. 

For a target device, upon entry to the Shift-DR state, the selected data register is placed in the scan path 
between TDI and TDO, and on the first falling edge of TCK, TDO goes from the high-impedance state to an 
active state. TDO outputs the logic level present in the least-significant bit of the selected data register. While 
in the stable Shift-DR state, data is serially shifted through the selected data register on each TCK cycle. 

Exit1-DR, Exit2-DR 

The ASP is not enabled to receive and respond to shadow protocols in the Exit1-DR and Exit2-DR states. 

For a target device, the Exit1-DR and Exit2-DR states are temporary states that end a data-register scan. It is 
possible to return to the Shift-DR state from either Exit1-DR or Exit2-DR without recapturing the data register. 
On the first falling edge of TCK after entry to Exit1-DR, TDO goes from the active state to the 
high-impedance state. 

Pause-DR 

In the stable Pause-DR state, the ASP is enabled to receive and respond to shadow protocols. Additionally, the 
TSA can be recognized in this state. 

For target devices, no specific function is performed in the stable Pause-DR state. The Pause-DR state 
suspends and resumes data-register scan operations without loss of data. 
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Update-DR 

The ASP is not enabled to receive and respond to shadow protocols in the Update-DR state. 

For a target device, if the current instruction calls for the selected data register to be updated with current data, 
such update occurs on the falling edge of TCK following entry to the Update-DR state. 

Capture-IR 

The ASP is not enabled to receive and respond to shadow protocols in the Capture-IR state. 

For atarget device in the Capture-IR state, the instruction register captures its current status value. This capture 
operation occurs on the rising edge of TCK upon which the Capture-IR state is exited. 

Shift-IR 

The ASP is not enabled to receive and respond to shadow protocols in the Shift-IR state. , 

For a target device, upon entry to the Shift-IR state, the instruction register is placed in the scan path between 
TDI and TDO, and on the first falling edge of TCK, TDO goes from the high-impedance state to an active state. 
TDO outputs the logic level present in the least-significant bit of the instruction register. While in the stable 
Shift-IR state, instruction data is serially shifted through the instruction register on each TCK cycle. 

ExitMR, Exit2-IR 

The ASP is not enabled to receive and respond to shadow protocols in the Exit1-IR and Exit2-IR states. 

For target devices, the Exit"! -I R and Exit2-IR states are temporary states that end an instruction-register scan. 
It is possible to return to the Shift-IR state from either Exit1-IR or Exit2-IR without recapturing the instruction 
register. On the first falling edge of TCK after entry to Exit1-IR, TDO goes from the active state to the 
high-impedance state. 

Pause-IR 

In the stable Pause-IR state, the ASP is enabled to receive and respond to shadow protocols. Additionally, the 
TSA can be recognized in this state. 

For target devices, no specific function is performed in the stable Pause-IR state, in which the TAP controller 
can remain indefinitely. The Pause-IR state suspends and resumes instruction-register scan operations without 
loss of data. 

Update-IR 

The ASP is not enabled to receive and respond to shadow protocols in the Update-IR state. 

For target devices, the current instruction is updated and takes effect on the falling edge of TCK following entry 
to the Update-IR state. 
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address matching 

Connect status of the ASP is computed by a match of the address received in the last valid shadow protocol 
against that at the address inputs (A9-A0) as well as against the three dedicated addresses that are internal 
to the ASP (DSA, RSA, and TSA). The address map is shown in Table 2. 



Table 2. Address Map 



ADDRESS NAME 


BINARY 
CODE 


HEX 
CODE 


SHADOW-PROTOCOL 
RESULT 


RESULTANT 
PRIMARY-TO-SECONDARY 
CONNECT STATUS 


Reset Address (RSA) 


0000000000 


000 


RESET 


RESET 


Matching Address 


A9-A0 


A9-A0 


MATCH 


ON 


Disconnect Address (DSA) 


1111111110 


3FE 


DISCONNECT 


OFF 


Test Synchronization Address (TSA) 


1111111111 


3FF 


TEST SYNCHRONIZATION 


MULTICAST 


All Other Addresses 


All others 


All others 


NO MATCH 


OFF 



If the shadow-protocol address matches the address inputs (A9-A0), then the ASP responds by transmitting 
an acknowledge protocol. Following the complete transmission of the acknowledge protocol, the ASP assumes 
ON status (in which PTDI, PTDO, and PTMS are connected to STDO, STDI, and STMS, respectively). The ON 
status allows the scan chain associated with the ASP's secondary TAP to be controlled from the multidrop 
primary TAP as if it were directly wired as such. Figures 6 and 7 show the shadow-protocol timing for MATCH 
result when the prior ASP connect status is ON and OFF, respectively. 

If the shadow-protocol address does not match the address inputs (A9-A0), then (unless the address is one 
of the three dedicated global addresses described below) the ASP responds immediately by assuming the OFF 
status (in which PTDO and STDO are high impedance and STMS is held at its last level). This has the effect 
of deselecting the scan chain associated with the ASP secondary TAP, but leaves the TAP state of the scan chain 
unchanged. No acknowledge protocol is sent. Figures 8 and 9 show the shadow-protocol timing for NO MATCH 
result when the prior ASP connect status is ON and OFF, respectively. 

disconnect address 

The disconnect address (DSA) is one of the three internally dedicated addresses that are recognized globally. 
When an ASP receives the DSA, it immediately responds by assuming the OFF status (in which PTDO and 
STDO are high impedance and STMS is held at its last level). This has the effect of deselecting the scan chain 
associated with the ASP secondary TAP, but leaves the TAP state of the scan chain unchanged. No 
acknowledge protocol is sent. Figures 10 and 11 show the shadow-protocol timing for DISCONNECT result 
when the prior ASP connect status is ON and OFF, respectively. 

The same result occurs when a non-matching address is received. No specific action to disconnect an ASP is 
required, as a given ASP is disconnected by the address that connects another. The dedicated DSA ensures 
that at least one address is available for the purpose of disconnecting all receiving ASPs. It is especially useful 
when the currently selected scan chain is in a different TAP state than that to be selected. In such a case, the 
DSA is used to leave the former scan chain in the proper state, after which the primary TAP state is moved to 
that needed to select the latter scan chain. 

reset address 

The reset address (RSA) is one of the three internally dedicated addresses that are recognized globally. When 
an ASP receives the RSA, it immediately responds by assuming the RESET status (in which PTDO and STDO 
are high impedance and STMS is forced to the high level). This has the effect of deselecting and resetting (to 
Test-Logic-Reset state) the scan chain associated with the ASP secondary TAP. No acknowledge protocol is 
sent. Figures 12 and 1 3 show the shadow-protocol timing for RESET result when the prior ASP connect status 
is ON and OFF, respectively. 
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test synchronization address 

The test synchronization address (TSA) is one of the three internally dedicated addresses that are recognized 
globally. When an ASP receives the TSA while its secondary TAP state is Pause-DR or Pause-IR, it immediately 
responds by assuming the MULTICAST status (in which PTDI and PTMS are connected to STDO and STMS 
respectively, while PTDO is high impedance). No acknowledge protocol is sent. The TSA is valid only when the 
TAP state of both primary and secondary is Pause-DR or Pause-IR. If the TSA is received when the TAP state 
of either primary or secondary is Test-Logic-Reset or Run-Test-Idle, the shadow-protocol result is considered 
to be DISCONNECT. Figures 1 4 and 1 5 show the shadow-protocol timing for TEST SYNCHRONIZATION result 
when the prior ASP connect status is ON and OFF, respectively. 

The TSA allows simultaneous operation of the scan chains of all selected ASPs, either for global TAP-state 
movement or for scan input of common serial test data via PTDI. This is especially useful in the former case, 
to simultaneously move such scan chains into the Run-Test/Idle state in which module-level or 
module-to-module BIST operations can operate synchronous to TCK in that TAP state, and in the later case, 
to scan common test setup/data into multiple like modules. 

protocol bypass 

Protocol bypass is selected by a low BYP input. This protocol-bypass mode forces the ASP into BYP status 
(pri mary T AP signals are connected to secondary TAP signals) regardless of previous shadow-protocol results. 
The CON output is made active (low). Receipt of shadow protocols is disabled. 

When BYP is taken low, the primary TAP serial data signals (PTDI, PTDO) are immediately (asynchronously 
to PTCK) connected to their respective secondary TAP signals (STDO, STDI). The pri mary TA P mode-select 
signal (PTMS) is also connected to its re spective secondary TAP signal (STMS) unless PTRST is low, in which 
case STMS remains high until PTRST is released. Also, the shadow-protocol-receive block is reset to its 
power-up state and is held in this state such that select protocols appearing at the primary TAP are ignored. 

When the BYP input is released (taken high), the ASP immediately (asynchronously to PTCK) resumes the 
connect status selected by the last valid shadow protocol. The shadow-protocol-receive block is again enabled 
to respond to select protocols. 

Figures 1 9 and 20 show protocol-bypass timing when the ASP connect status before BYP active is ON and OFF, 
respectively. 

asynchronous reset 

While the PTRST inpu t is al ways buffere d directly to the STRST output, it also serves as an asynchronous reset 
for the ASP. Given that BYP is high, when PTRST goes low, the ASP immediatel y ass umes TRST status in which 
CON is high and PTDO and STDO are at high impedance. Otherwise, if BYP is low, the ASP assumes 
BYP/TRST status. In either case, STMS is set high so that conne cted IEE E Std 11 49.1 -compliant devices can 
be synchronously driven to their Test-Logic-Reset states. While PTRST is low, receipt of shadow protocols 
is disabled. 

Figures 21 and 22 show asynchronous reset timing when the ASP conne ct stat us before PTRST active is ON 
and OFF, respectively. Figure 23 shows asynchronous reset timing when BYP is low. 

connect indicator 

The CON output indicates secondary-scan-port activity (STDO, S TMS active) regardle ss of whether such 
activity is achie ved v ia protocol bypa ss or shadow protocol. If the BYP input is low, the CON output is low. 
Otherwise, if the BYP input is high , the CON output is low if the result of the last valid shadow protocol is M ATCH 
or TEST SYNCHRONIZATION. In all other cases, and while acknowledge protocol is in progress, the CON 
output is high. 
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t The instantaneous value of PTDI during protocol acknowledge is "don't care" as long as the cumulative effect does not represent a protocol 
hard-error or another valid select protocol. 



Figure 6. Shadow-Protocol Timing, Protocol Result = MATCH, Prior Connect Status = ON 
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tThe instantaneous value of PTDI during protocol acknowledge is "don't care" as long as the cumulative effect does not represent a protocol 
hard-error or another valid select protocol. 



Figure 7. Shadow-Protocol Timing, Protocol Result = MATCH, Prior Connect Status = OFF 
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Figure 8. Shadow-Protocol Timing, Protocol Result = NO MATCH, Prior Connect Status = ON 
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Figure 9. Shadow-Protocol Timing, Protocol Result = NO MATCH, Prior Connect Status = OFF 
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Figure 10. Shadow-Protocol Timing, Protocol Result = DISCONNECT, Prior Connect Status = ON 
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Figure 11. Shadow-Protocol Timing, Protocol Result = DISCONNECT, Prior Connect Status = OFF 
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Figure 12. Shadow-Protocol Timing, Protocol Result = RESET, Prior Connect Status = ON 
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Figure 13. Shadow-Protocol Timing, Protocol Result = RESET, Prior Connect Status = OFF 
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Figure 14. Shadow-Protocol Timing, 
Protocol Result = TEST SYNCHRONIZATION, Prior Connect Status = ON 
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Figure 15. Shadow-Protocol Timing, 
Protocol Result = TEST SYNCHRONIZATION, Prior Connect Status s OFF 
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NOTE: The position of PTMS shown in this figure is only one of many that would produce protocol result HARD ERROR. 



Figure 16. Shadow-Protocol Timing, 
Protocol Result = HARD ERROR (PTMS change during select protocol), Prior Connect Status = ON 
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NOTE: The position of PTMS shown in this figure is only one of many that would produce protocol result HARD ERROR. 

Figure 17. Shadow-Protocol Timing, 
Protocol Result = HARD ERROR (PTMS change during acknowledge protocol), 
Prior Connect Status = ON 
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NOTE: The sequence of PTDI bits shown in this figure is only one of many that would produce protocol result SOFT ERROR. 

Figure 18. Shadow-Protocol Timing, 
Protocol Result = SOFT ERROR, Prior Connect Status = ON 
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protocol-bypass timing 

™ juuinjuuum, jiruijmanAfiavnnJin- 



vvyvv 

• Don f Care 



A9-A0 



BYP 



PTDI 



vvyvv 

' Don f Care 



vvyvv 

< Don t Care 

AAAAA 



PTMS 



PTRST 



vvyvv 

Don t Care 

AA 



STDI 



CON 




PTDO 



STCK 



STDO 



STMS 



jiMjiniLiiniijiriiiJ^^ 




STRST 



ON | BYP | ON 

Figure 19. Protocol-Bypass Timing, Prior Connect Status = ON 
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™ juiniuuuum jijiruuiiijuinajiiijm 



BYP 




STRST I I 

I I 
OFF | BYP | 

Figure 20. Protocol-Bypass Timing, Prior Connect Status = OFF 



8-82 



Texas 
Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 



SN54ABT8996, SN74ABT8996 
10-BIT ADDRESSABLE SCAN PORTS 
MULTIDROP-ADDRESSABLE IEEE STD 1149.1 (JTAG) TAP TRANSCEIVERS 



SCBS489B - AUGUST 1 994 - REVISED DECEMBER 1 996 



asynchronous reset timing 

jiru¥iJirLriJiRji^^ 



PTCK 



yyvv 

Don t Care 

A A A A 



A9-A0 



BYP 



Don't^are 



PTDI 



PTMS 



DonY6are 

A AAA 



PTRST 



STDI 



CON 



yvvv 

Don t Care 



PTDO 'pYdO^STDI 



STCK 



STDO 



^SoYp^T 



STMS STMsTpffi 

S A A A A A 



STRST 



ON 



I TRST | RESET 

Figure 21. Asynchronous Reset Timing, Prior Connect Status = ON 
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PTCK 



juuiJiriJiJin^^ 



A9-A0 



Don*t (5are 



BYP 



Don't (fare 

AAAA 



PTDI 



Don*t Care 

AAAA 



PTMS 



PTRST 



STDI 



CON 



PTDO 



STCK 



STDO 



Don*tCare 

AAAA 



STMS STMS = STMS 0 



STRST 



OFF I 



TRST 



RESET 



Figure 22. Asynchronous Reset Timing, Prior Connect Status = OFF 
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PTCK 



vvyyv 

Don t Care ■ 



A9-A0 



BYP 



PTDI 



Yvyyv 
Don t Caro > 



YYVYY 

Don t Care ■ 



PTMS 



PTRST 



STDI 



CON 



PTDO 



STCK 



STDO 



STMS 



STRST 



vvyyv 

■ Don t Care ■ 



Wo^T V | V , 



VAAAAAi 



V 



ST^^PT^fs 
AAAAAA 



BYP 



I 

BYP/TRST | 

Figure 23. Asynchronous Reset Timing, BYP = L 



BYP 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vcc -°- 5 V to 7 V 

Input voltage range, V| (see Note 1) -0.5 V to 7 V 

Voltage range applied to any output in the high state or power-off state, Vq -0.5 V to 5.5 V 

Current into any output in the low state, lo: SN54ABT8996 96 mA 

SN74ABT8996 128 mA 

Input clamp current, l|« (V| < 0) -1 8 mA 

Output clamp current, Iok (Vo < 0) -50 mA 

Maximum power dissipation at Ta. = 55°C (in still air)(see Note 2): DW package 1 .7 W 

PW package 0.7 W 

Storage temperature range, T s t g -65°C to 1 50°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 
NOTES: 1 . The input and output negative-voltage ratings can be exceeded if the input and output clamp-current ratings are observed. 

2. The maximum package power dissipation is calculated using a junction temperature of 1 50°C and a board trace length of 750 mils. 
For more information, referto the Package Thermal Considerations application note in the ABT Advanced BiCMOS Technology Data 
Book, literature number SCBD002. 



recommended operating conditions 







SN54ABT8996 


SN74ABT8996 


UNIT 






MIN 


MAX 


MIN 


MAX 


vcc 


Supply voltage 


4.5 


5.5 


4.5 


5.5 


V 


V|H 


High-level input voltage 


2 


2 


V 


V|L 


Low-level input voltage 


0.8 


0.8 


V 


V| 


Input voltage 


0 


vcc 


0 


vcc 


V 


'OH 


High-level output current 


-24 


-32 


mA 


lOL 


Low-level output current 


48 


64 


mA 


At/Av 


Input transition rise or fall rate 


10 


10 


ns/V 


T A 


Operating free-air temperature 


-55 


125 


-40 


85 


°C 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


Ta = 25°C 


SN54ABT8996 


SN74ABT8996 


UNIT 


MIN TYPt MAY 

mil* 1 III IV1MA 


MIN MAY 

Mill ITinA 


MIN MAX 

1*1111 IVIMA 


V|K 


Vcc = 4.5V, l|=-18mA 


-1.2 


-1.2 


-1.2 


V 




VCC-4.5V, l 0 H--3mA 


2.5 


2.5 


2.5 


v 


Vcc-SV, l 0 H=-3mA 


3 


3 


3 


VCC-4.5V 


Iqh » -24 mA 


2 


2 




lOH - -32 mA 


2* 




2 


vol 


VCC-4.5V 


lOL = 48 mA 


0.55 


0.55 




V 


Iql = 64 mA 


0.55* 




0.55 


ii 


Vcc - 0 to 5.5 V, 
V| = Vcc or GND 


PTCK 


±1 




±1 


HA 


llM 

'In 


V C C -5.5 V, V| = V C C 


PTDI, PTMS, 
PTRST 


I u 




1 n 


uA 


A9-A0.BYP, 
STDI 


10 


10 


10 


"IL 


Vcc - 5.5 V, V| = GND 


PTDI, PTMS, 
PTRST 


-18 -50 


-18 -50 


-18 -50 


HA 


A9-A0, BYP, 
STDI 


-60 -150 


-60 -150 


-60 -150 


'OZH 


Vcc - 5.5 V, Vo = 2.7 V 


PTDO, STDO 


10 


10 


10 


HA 


'OZL 


Vcc = 5.5 V, Vq - 0.5 V 


PTDO, STDO 


-10 


-10 


-10 


jiA 


'off 


Vcc = 0. V|orVo£4.5V 


±100 




±100 


HA 


'CEX 


Vcc = 5.5 V, Vq = 5.5 V 


Outputs high 


50 


50 


50 


HA 


io* 


Vcc = 5.5 V, Vq = 2.5 V 


-50 -110 -200 


-50 -200 


-50 -200 


mA 


•cc 


V C C - 5.5 V, 

io = o, 

V| - Vcc or GND 


OFF, STCK - H, STMS = H 


0.8 1.5 


1.5 


1.5 


mA 


ON, PTDO - L, STCK = L, 
STDO = L, STMS = L 


13 18 


18 


18 


ON, PTDO = H, STCK = H, 
STDO = H, STMS = H 


3.2 5 


5 


5 


TRST, STCK = L 


6 8 


8 


8 


AI C C§ 


Vcc = 5.5 V, One input at 3.4 V, 
Other inputs at Vcc or G ND 


1.5 


1.5 


1.5 


mA 


Cj 


V| = 2.5 V or 0.5 V 


5 






PF 


Co 


Vq = 2.5 V or 0.5 V 


8 






PF 



* On products compliant to MIL-PRF-38535, this parameter does not apply, 
t All typical values are at Vcc ■ 5 V. 

$ Not more than one output should be tested at a time, and the duration of the test should not exceed one second. 
§ This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (see Figure 24) 





SN54ABT8996 


SN74ABT8996 


UNIT 


MIN MAX 


MIN MAX 


fclock Clock frequency 


PTCK 


0 40 


0 40 


MHz 


t w Pulse duration 


BYPIowt 


4.9 


4.9 


ns 


PTCK high 


12 


12 


PTCK low 


6.5 


6.5 


PTRST low 


2.6 


2.6 


t su Setup time 


A9-A0 before PTCK-l* 


6.6 


6.6 


ns 


PTDI before PTCKT 


4.9 


4.9 


PTMS before BYPtt 


0.8 


0.6 


PTMS before PTCK? 


9 


9 


th Hold time 


A9-A0 after PTCKi* 


0.3 


0.3 


ns 


PTDI after PTCKt 


0.7 


0.7 


PTMS after BYPTt 


2.4 


2.4 


PTMS after PTCKt 


1.3 


1.3 



t In normal application of the ASP, such timing requirements with respect to BYP are met implicitly and, therefore, need not be considered. 
t These requirements apply only in the case where the address inputs are changed during a shadow protocol. For normal application of the ASP, 

it is recommended that the address inputs remain static throughout any shadow protocols. In such cases, the timing of address inputs relative 

to PTCK need not be considered. 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (see Figure 24) 









SN54ABT8996 




PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


VCC = 5 V, 
Ta = 25°C 


vcc 
Ta = 


= 4.5 V to 5.5 V, 
-55°C to125°C 


UNIT 








MIN 


TYP 


MAX 




MIN 


MAX 




fmax 


PTCK 




40 


40 


MHz 


tPLH 


BYPT 


CON 


1 


3 


4.2 




1 


5.3 


ns 


tPHL 


BYPl 


1 


3.8 


5.2 


1 6.3 


tpLH 


BYPJ- 


STMS 


2.5 


7.8 


10 




2.5 


12.9 


ns 


l PHL 


2.5 


5.2 


7 




2.5 


8.9 


tPLH 


PTCK 


STCK 


1 


2.2 


3.1 


1 3.7 


ns 


tPHL 


1 


2.8 


3.9 




1 


4.6 


tPLH 


PTCK4- 


CON 


3.5 


6.9 


8.9 




3.5 


11.2 


ns 


tPHL 


3.5 


7 


9.3 




3.5 


11.6 


tPLH 


PTCKi 
(shadow-protocol 


PTDO 


3 


7.6 


9.9 




3 


12.6 


ns 


tPHL 


3 


6.2 


9.4 




3 


10.9 


*PLH^ 


PTCKl 


STMS 


5.5 


12.1 


15.4 




5.5 


19.9 


ns 


tPHI_T 


(connect) 


5.5 


9.7 


12.5 




5.5 


15.8 


toi u 

v rLn 


PTDI 


STDO 


1 


3.1 


4.4 


1 5.4 


ns 


tPHL 


1 


3.3 


4.5 




1 


5.6 


tPLH 


PTMS 


STMS 


1 


3.2 


4.4 




1 


5.5 


ns 


tPHL 


1 


3.4 


4.7 




1 


5.7 


tPLH 






1 


3.2 


4.8 




1 


5.8 


ns 


tPHL 


PTRST 


STRST 


1 


3.3 


4.7 




1 


5.7 


tPLH 




CON 


3.5 


7.4 


9.5 




3.5 


12.1 


ns 


PTRSTi 


STMS 


2.5 


5.6 


7.7 




2.5 


9.6 


tPLH 


STDI 


PTDO 


1 


2.8 


4 


1 4.9 


ns 


tPHL 


1 


3.3 


4.6 


1 5.7 



t The transitions at STMS are only possible when a shadow-protocol select is issued while STMS is held (in the OFF status) at a level that differs 
from that at PTMS. Such operation is not recommended since state synchronization of the primary TAP to secondary TAP cannot be ensured. 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (continued) (see Figure 24) 









SN54ABT8996 




PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V C C = 5 V, 
Ta = 25°C 


Vrr 

"I/O 

T A = 


= 4.5 V to 5.5 V, 
-55°Cto125°C 


UNIT 








MIN 


TYP 


MAX 




MIN 


MAX 




tpZH T 


BYPi 


PTDO 


1.5 


4 


5.5 




1.5 


6.9 


ns 


tpZL 


1.5 


4.5 


6.1 




1.5 


7.5 


tpZH* 


BYPl 


STDO 


1.5 


3.7 


5.2 




1.5 


6.2 


ns 


IPZL 


1.5 


4.2 


5.8 




1.5 


6.9 


tpZH 1 " 


PTCKl 


PTDO 


4 


7.2 


9.5 




4 


12.1 


ns 


tpZH* 


r I L.IS-1- 




4 


7.6 


10 




4 


12.5 




tPZL 


4 


8.1 


10.7 




4 


12.8 


tPHZ T 


BYP? 


PTDO 


1.5 


3.6 


4.8 




1.5 


5.5 


ns 


tPLZ 


1.3 


3.6 


4.9 




1.3 


5.8 


tPHZ* 


bypT 


STDO 


1.5 


3.6 


4.8 




1.5 


5.5 


ns 


tPLZ 


1.5 


3 


4.2 




1.5 


4.8 


*PHZ T 


PTCKJ- 


PTDO 


3 


6.2 


8.2 




3 


11 


ns 


tpLZ 


1 


6.9 


9.5 




1 


13.1 


tPHZ* 


PTCKl 


STDO 


3.5 


7.3 


9.2 




3.5 


12 


ns 


t PLZ § 


1 


7.1 


8.7 




1 


10.4 


tPHZ T 


PTRSTl 


PTDO 


3.5 


6.6 


9.2 




3.5 


11 


ns 


tPLZ 


1 


7.4 


10.2 




1 


13.4 


tPHZ* 


PTRSTl 


STDO 


4.5 


9.4 


12 




4.5 


13.6 


ns 


tPLZ 


3 


7.3 


9 




3 


10.5 



t in most applications, the node to which PTDO is connected has a pullup resistor. In such cases, this parameter is not significant. 
$ In most applications, the node to which STDO is connected has a pullup resistor. In such cases, this parameter is not significant. 
§ This parameter applies only in case of protocol hard error. 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (see Figure 24) 









SN74ABT8996 




PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


V C C = 5V, 
Ta = 25°C 


vcc 
ta = 


= 4.5 V to 5.5 V, 
-40°C to 85°C 


UNIT 








MIN 


TYP 


MAX 




MIN 


MAX 




'max 


PTCK 




40 


40 


MHz 


tPLH 


BYPT 


CON 


1 


3 


4.2 




1 


4.8 


ns 


tPHL 


BYP-l 


1 


3.8 


5.2 




1 


6 


tPLH 


BYP-i 


STMS 


2.5 


7.8 


10 




2.5 


12.2 


ns 


tPHL 


2.5 


5.2 


7 




2.5 


8.4 


tPLH 


PTCK 


STCK 


1 


2.2 


3.1 




1 


3.4 


ns 


tPHL 


1 


2.8 


3.9 




1 


4.5 


tPLH 


PTCKi 


CON 


3.5 


6.9 


8.9 




3.5 


10.6 


ns 


tPHL 


3.5 


7 


9.3 




3.5 


10.8 


tPLH 


PTCK4. 
(shadow-protocol 
acknowledge) 


PTDO 


3 


7.6 


9.9 




3 


11.8 


ns 


tPHL 


3 


6.2 


9.4 




3 


10.2 


tDI u T 




STMS 


5.5 


12.1 


15.4 




5.5 


18.6 


ns 


^PHL^ 


(connect) 


5.5 


9.7 


12.5 




5.5 


14.9 


tPLH 


PTDI 


STDO 


1 


3.1 


4.4 




1 


5 


ns 


tPHL 


1 


3.3 


4.5 




1 


5.3 


tPLH 


PTMS 


STMS 


1 


3.2 


4.4 




1 


5.1 


ns 


tPHL 


1 


3.4 


4.7 




1 


5.5 


tPLH 






1 


3.2 


4.8 




1 


5.7 


ns 


tPHL 


PTRST 


STRST 


1 


3.3 


4.7 




1 


5.7 


tPLH 




CON 


3.5 


7.4 


9.5 




3.5 


11.4 


ns 


PTRST-i 


STMS 


2.5 


5.6 


7.7 




2.5 


9.2 


tPLH 


STDI 


PTDO 


1 


2.8 


4 




1 


4.5 


ns 


tPHL 


1 


3.3 


4.6 




1 


5.4 



t The transitions at STMS are possible only when a shadow-protocol select is issued while STMS is held (in the OFF status) at a level that differs 
from that at PTMS. Such operation is not recommended since state synchronization of the primary TAP to secondary TAP cannot be ensured. 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (continued) (see Figure 24) 









SN74ABT8996 




PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


VCC = 5V, 
Ta = 25°C 


V CC 
T A = 


= 4.5 V to 5.5 V, 
-40°C to 85'C 


UNIT 








MIN 


TYP 


MAX 




MIN 


MAX 




tpZH^ 


BYPi 


PTDO 


1.5 


4 


5.5 




1.5 


6.6 


ns 


l PZL 


1.5 


4.5 


6.1 




1.5 


7.2 


tpZH* 


BYP-l 


STDO 


1.5 


3.7 


5.2 




1.5 


6 


ns 


l PZL 


1.5 


4.2 


5.8 




1.5 


6.7 


tp2H^ 


PTCKl 


PTDO 


4 


7.2 


9.5 




4 


11.3 


ns 


tPZH^ 


PTCKl 


STDO 


4 


7.6 


10 




4 


11.7 


ns 


tpzi_ 


4 


8.1 


10.7 




4 


12.2 


tpHZ^ 


BYPT 


PTDO 


1.5 


3.6 


4.8 




1.5 


5.3 


ns 


tpi 7 


1.5 


3.6 


4.9 




1.5 


5.3 


tpHZ^ 


BYPt 


STDO 


1.5 


3.6 


4.8 




1.5 


5.4 


ns 


tPLZ 


1.5 


3 


4.2 




1.5 


4.4 


tPHZ 1 " 


PTCKl 


PTDO 


3 


6.2 


8 




3 


10.3 


ns 


tPLZ 


3 


6.9 


9.5 




3 


11.2 


tPHZ* 


PTCKl 


STDO 


3.5 


7.3 


9 




3.5 


10.9 


ns 


t PLZ § 


3.5 


7.1 


8.7 




3.5 


10.4 


tPHZ 1 " 




PTDO 


3.5 


6.6 


8.5 




3.5 


10.4 


ns 


tPLZ 


PTRSTl 


3.5 


7.4 


10.2 




3.5 


11.7 


tPHZ* 




STDO 


4.5 


9.4 


11.5 




4.5 


13.2 


ns 


tPLZ 


PTRSTl 


4.5 


7.3 


9 




4.5 


10.5 



t In most applications, the node to which PTDO is connected has a pullup resistor. In such cases, this parameter is not significant. 
$■ In most applications, the node to which STDO is connected has a pullup resistor. In such cases, this parameter is not significant. 
§ This parameter applies only in case of protocol hard error. 
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From Output 

Under Test 

Cl = 50 pF 
(see Note A) 



PARAMETER MEASUREMENT INFORMATION 
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S1 at 7 V 
(see Note B) 
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Waveform 2 
S1 at Open 
(see Note B) 
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NOTES: A. Cl includes probe and jig capacitance. 

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

C. All input pulses are supplied by generators having the following characteristics: PRR < 1 0 MHz, Zrj = 50 C2, t r £ 2.5 ns, tf < 2.5 ns. 

D. The outputs are measured one at a time with one transition per measurement. 



Figure 24. Load Circuit and Voltage Waveforms 
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Members of the Texas Instruments 
SCOPE™ Family of Testability Products 
Compatible With the IEEE Standard 
1149.1-1990 (JTAG) Serial Test Bus 

• Allow Partitioning of System Scan Paths 

• Can Be Cascaded Horizontally or Vertically 

• Select Up to Four Secondary Scan Paths to 
Be Included in a Primary Scan Path 

• Include 8-Bit Programmable Binary Counter 
to Count or Initiate Interrupt Signals 

• Include 4-Bit Identification Bus for 
Scan-Path Identification 

• Inputs Are TTL Compatible 

• EPIC™ (Enhanced-Performance Implanted 
CMOS) 1-jim Process 

• Package Options Include Plastic 
Small-Outline (DW) Packages, Ceramic 
Chip Carriers (FK), and Standard Plastic 
(NT) and Ceramic (JT) 300-mll DIPs 

description 

The 'ACT8997 are members of the Texas 
Instruments SCOPE™ testability integrated- 
circuit family. This family of components facilitates 
testing of complex circuit-board assemblies. 

The 'ACT8997 enhance the scan capability of Tl's 
SCOPE™ family by allowing augmentation of a 
system's primary scan path with secondary scan 
paths (SSPs), which can be individually selected 
by the 'ACT8997 for inclusion in the primary scan 
path. These devices also provide buffering of test 
signals to reduce the need for external logic. 



SN54ACT8997 . . . JT PACKAGE 
SN74ACT8997 ... DW OR NT PACKAGE 
(TOP VIEW) 



DCO[ 


u 

1 


28 


MCO[ 


2 


27 


DTD01 [ 


3 


26 


DTD02 [ 


4 


25 


DTD03 [ 


5 


24 


DTD04 [ 


6 


23 


GND [ 




22 


DTMS1 [ 


8 


21 


DTMS2 [ 


9 


20 


DTMS3 [ 


10 


19 


DTMS4 [ 


11 


18 


dtck[ 


12 


17 


TDO[ 


13 


16 


TMS[ 


14 


15 



]DCI 

]mci 



] ID3 
] ID4 



]TCK 



SN54ACT8997 . . . FK PACKAGE 
(TOP VIEW) 

ZZ £H 

_ . _ ^ O Q Q 
t- cm eo o i_ i_ 

9 9 9 9 > a a 
LJL_II_IL_JL_II_ILJ 



4 3 



2 1 
O 



28 27 26 



TRST ] 5 

MCI ]6 

DCI ]7 

DCO ] 8 

MCO ]9 

DTD01 ] 10 

DTD02 ] 11 

12 13 14 15 16 17 18 
r-ir-ii-ir-tr-if-ii-t 



25 [ 
24 [ 
23 [ 
22 [ 
21 C 

20 [ TDO 
19 [ DTCK 



DTDI3 

DTDI4 

TDI 

TCK 

TMS 



1- CM CO 

CO CO CO CO 

2 2 2 2 

I — I— I— 

Q Q Q Q 



By loading the proper values into the instruction 
register and data registers, the user can select up 

to four SSPs to be included in a primary scan path. Any combination of the SSPs can be selected at a time. Any 
of the device's six data registers or the instruction register can be placed in the device's scan path, i.e., placed 
between test data input (TDI) and test data output (TDO) for subsequent shift and scan operations. 

All operations of the device except counting are synchronous to the test clock pin (TCK). The 8-bit 
programmable up/down counter can be used to count transitions on the device condition input (DCI) pin and 
output interrupt signals via the device condition output (DCO) pin. The device can be configured to count on 
either the rising or falling edge of DCI. 

The test access port (TAP) controller is a finite-state machine compatible with IEEE Standard 1149.1. 

The SN54ACT8997 is characterized for operation over the full military temperature range of ^55°C to 125°C. 
The SN74ACT8997 is characterized for operation from 0°C to 70°C. 
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functional block diagram 
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Pin numbers shown are for the DW, JT, and NT packages. 
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functional block description 

The 'ACT8997 is intended to link secondary scan paths for inclusion in a primary scan path. Any combination 
of the four secondary scan paths can be linked, or the device can be bypassed entirely. 

The least-significant bit (LSB) of any value scanned into any register of the device is the first bit shifted in 
(nearest to TDO). The most-significant bit (MSB) is the last bit shifted in (nearest to TDI). 

The 'ACT8997 is divided into functional blocks as detailed below. 

test port 

The test port decodes the signals on TCK, TMS, and TRST to control the operation of the circuit. The test port 
includes a TAP controller that issues the proper control instructions to the data registers according to the 
IEEE Standard 1149.1 protocol. The TAP controller state diagram is shown in Figure 1 . 

instruction register 

The instruction register (IR) is an 8-bit-wide serial-shift register that issues commands to the device. Data is 
input to the instruction register via TDI (or one of the DTDI pins) and shifted out via TDO. All device operations 
are initiated by loading the proper instruction or sequence of instructions into the IR. 

data registers 

Six parallel data registers are included in the 'ACT8997: bypass, control, counter, boundary-scan, ID-bus, and 
select. The ID bus register is a part of the boundary-scan register. Each data register is serially loaded via TDI 
or DTDI and outputs data via TDO. Table 1 summarizes the registers in the 'ACT8997. 

scan-path-configuration circuit 

This circuit decodes bits in the select and control registers to determine which, if any, of the secondary scan 
paths are to be included in the primary scan path. 



Table 1. Register Summary 



REGISTER 
NAME 


LENGTH 
(BITS) 


FUNCTION 


Instruction 


8 


Issue command information to the device 


Control 


10 


Configuration and enable control 


Counter 


8 


Count events on DCI, output interrupts via DCO 


Select 


8 


Select one or more secondary scan paths 


Boundary Scan 


10 


Capture and force test data at device periphery 


ID Bus 


4 


Provide subsystem identification code 


Bypass 


1 


Remove the 'ACT8997 from the scan path 



Texas 
Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 



8-97 



SN54ACT8997, SN74ACT8997 

SCAN-PATH LINKERS WITH 4-BIT IDENTIFICATION BUSES 
SCAN-CONTROLLED IEEE STD 1149.1 (JTAG) TAP CONCATENATORS 

SCAS157D -APRIL 1990 -REVISED DECEMBER 1996 



Terminal Functions 



TERMINAL 
NAME 


I/O 


DESCRIPTION 


DCI 


I 


Device condition input. DCI receives interrupt and protocol signals from the secondary scan path(s). When the 
counter register is instructed to count up or down, DCI is configured as the counter clock. 


DCO 


0 


Device condition output. DCO is configured by the control register to output protocol and interrupt signals and can 
be configured by the control register to output an error signal if the instruction register is loaded with an invalid value. 
DCO is further configured by the control register as: 

Active high or active low (reset condition = active low) 

Open drain or 3 state (reset condition = open drain) 


DTCK 


0 


Device test clock. DTCK outputs the buffered test clock TCK to the secondary scan path(s). 


DTDI1 
DTDI2 
DTDI3 
DTDI4 


I 


Device test data input 1—4. DTDI1— DTDI4 receive the serial test data output(s) of the selected secondary scan 
path(s). An internal pullup forces DTDI1-DTDI4 to a high logic level if it is left unconnected. 


DTD01 
DTD02 
DTD03 
DTD04 


0 


Device test data output 1-4. These outputs send serial test data to the TDI input(s) of the secondary scan path(s). 


DTMS1 
DTMS2 
DTMS3 
DTMS4 


0 


Device test mode select 1-4. Any combination of these four outputs can be selected to follow TMS to direct the 
secondary scan path(s) through the TAP controller states in Figure 1. The unselected DTMS outputs can be set 
independently to a high or low logic level. The TMS circuit monitors input from the select register to determine the 
configuration of the DTMS outputs. 


GND 




Ground 


IDI 
ID2 
ID3 
ID4 


I 


Identification 1-4. This 4-bit data bus can be hardwired to provide identification of the subsystem under test. The 
value present on the bus can be scanned out through the boundary scan or ID bus registers. 


MCI 


I 


Master condition input. MCI receives interrupt and protocol signals from a primary bus controller (PBC). The level 
on MCI is buffered and output on MCO. 


MCO 


0 


Master condition output. MCO transmits interrupt and protocol signals to the secondary scan path(s). 


TCK 


I 


Test clock. One of four terminals required by IEEE Standard 1149.1 . All operations of the 'ACT8997 except for the 
count function are synchronous to TCK. Data on the device inputs is captured on the rising edge of TCK, and outputs 
change on the falling edge of TCK. 


TDI 


I 


Test data input. One of four terminals required by I EEE Standard 1 1 49.1 . TDI is the serial input for shifting information 
into the instruction register or selected data register. TDI is typically driven by the TDO of the PBC. An internal pullup 
forces TDI to a high level if left unconnected. 


TDO 


0 


Test data output. One of four terminals required by IEEE Standard 1149.1. TDO is the serial output for shifting 
information out of the instruction register or selected data register. TDO is typically connected to the TDI of the next 
scannable device in the primary scan path. 


TMS 


I 


Test mode select. One of four terminals required by IEEE Standard 1149.1 . The level of TMS at the rising edge of 
TCK directs the 'ACT8997 through its TAP controller states. An internal pullup forces TMS to a high level if left 
unconnected. 


Trst 


I 


Test reset. This active-low input implements the optional reset terminal of IEEE Standard 1149.1. When asserted, 
TRST causes the 'ACT8997 to go to the Test-Logic-Reset state and configure the instruction register and data 
registers to their power-up values. An internal pullup forces TRST to a high level if left unconnected. 


vcc 




Supply voltage 
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state diagram description 



The TAP proceeds through the states in Figure 1 according to IEEE Standard i 1 49. 1 . There are six stable stateb 
(indicated by a looping arrow) and ten unstable states in the diagram. A stable state is a state the TAP can retain 
for consecutive TCK cycles. Any state that does not meet this criterion is an unstable state. 

There are two main paths through the state diagram: one to manipulate a data register and one to manipulate 
the instruction register. No more than one register can be manipulated at a time. 
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Figure 1. TAP-Controller State Diagram 
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Test-Logic-Reset 

In this state, the test logic is inactive and an internal reset signal is applied to all registers in the device. During 
device operation, the TAP returns to this state in no more than five TCK cycles if the test mode select (TMS) 
input is high. The TMS pin has an internal pullup that forces it to a high level if it is left unconnected or if a board 
defect causes it to be open circuited. The device powers up in the Test-Logic-Reset state. 

Run-Test/Idle 

The TAP must pass through this state before executing any test operations. The TAP may retain this state 
indefinitely, and no registers are modified while in Run-Test/Idle. The 8-bit programmable up/down counter can 
be operated in this state. 

Select-DR-Scan, Select-IR-Scan 

No specific function is performed in these states; the TAP exits either of them on the next TCK cycle. 
Capture-DR 

The selected data register is placed in the scan path (i.e., between TDI and TDO). Depending on the current 
instruction, data may or may not be loaded or captured by that register on the rising edge of TCK, causing the 
TAP state to change. 

Shift-DR 

In this state, data is serially shifted through the selected data register from TDI to TDO on each TCK cycle. The 
first shift does not occur until the first TCK cycle after entering this state (i.e., no shifting occurs during the TCK 
cycle in which the TAP changes from Capture-DR to Shift-DR or from Exit2-DR to Shift-DR). On the falling edge 
of TCK in Shift-DR, TDO goes from the high-impedance state to the active state. TDO enables to the value 
present in the least-significant bit of the selected data register. 

Exit1-DR, Exit2-DR 

These are temporary states that end the shifting process. It is possible to return to the Shift-DR state from either 
Exit1-DR or Exit2-DR without recapturing the data register. The last shift occurs on the TCK cycle in which the 
TAP state changes from Shift-DR to Exit-DR. TDO changes from the active state to the high-impedance state 
on the falling edge of TCK in Exit1-DR. 

Pause-DR 

The TAP can remain in this state indefinitely. The Pause-DR state suspends and resumes shift operations 
without loss of data. 

Update-DR 

If the current instruction calls for the latches in the selected data register to be updated with current data, the 
latches are updated only during this state. 

Capture-IR 

The instruction register is preloaded with the IR status word (see Table 4) and placed in the scan path. 
Shift-IR 

In this state, data is serially shifted through the instruction register from TDI to TDO on each TCK cycle. The 
first shift does not occur until the first TCK cycle after entering this state (i.e., no shifting occurs during the TCK 
cycle in which the TAP changes from Capture-IR to Shift-IR or from Exit2-IR to Shift-IR). On the falling edge of 
TCK in Shift-IR, TDO goes from the high-impedance state to the active state, and will enable to a high level. 
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ExitMR, Exit2-IR 

These are temporary states that end the shifting process. It is possible to return to the Shift-IR state from either 
Exit1-IR or Exit2-IR without recapturing the instruction register. The last shift occurs on the TCK cycle in which 
the TAP state changes from Shift-IR to Exitl -IR. TDO changes from the active state to the high-impedance state 
on the falling edge of TCK in Exitl -IR. 

Pause-IR 

The TAP can remain in this state indefinitely. The Pause-I R state suspends and resumes shift operations without 
loss of data. 

Update-IR 

In this state, the latches shadowing the instruction register are updated with the new instruction. 

instruction-register description 

The instruction register (IR) is an 8-bit serial register that outputs control signals to the device. Table 2 lists the 
instructions implemented in the 'ACT8997 and the data register selected by each instruction. The MSB of the 
IR is a n even-p arity bit. If the value scanned into the IR during Shift-IR does not contain even parity, an error 
signal (IRERR) is generated internally as shown in Table 3. The 'ACT8997 can be configured to output IRERR 
via DCO if the TAP enters the Pause-IR state. 

During the Capture-IR state, the IR status word is loaded.The IR status word contains information about the 
most recently loaded value of the instruction register and the logic level present at the DCI input. The IR status 
word is encoded as shown in Table 4. Figure 2 shows the order of scan for the IR. 




Figure 2. Instruction-Register Bits and Order of Scan 
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Table 2. Instruction-Register Opcodes 



BINARY CODE 


HEX 


oCUrb UrUUUt 


UboUHIr 1 IUN 


SELECTED DATA 




QIT "7 i BIT A 
Dll / — > BIT U 

MSB -> LSB 


VALUE 


REGISTER 


MODE 


00000000 


00 


EXTEST 


Boundary scan 


Boundary scan 


Test 


10000001 


81 


BYPASSt 


Bypass scan 


Bypass 


Normal 


10000010 


82 


SAMPLE/PRELOAD 


Sample boundary 


Boundary scan 


Normal 


00000011 


03 


INTEST 


Boundary scan 


Boundary scan 


Test 


10000100 


84 


BYPASSt 


Bypass scan 


Bypass 


Normal 


00000101 


05 


BYPASSt 


Bypass scan 


Bypass 


Normal 


00000110 


06 


BYPASSt 


Bypass scan 


Bypass 


Normal 


10000111 


87 


BYPASSt 


Bypass scan 


Bypass 


Normal 


10001000 


88 


COUNT 


Count 


Bypass 


Normal 


00001001 


09 


COUNT 


Count 


Bypass 


Normal 


00001010 


OA 


BYPASSt 


Bypass scan 


Bypass 


Normal 


10001011 


8B 


BYPASSt 


Bypass scan 


Bypass 


Normal 


00001100 


OC 


BYPASSt 


Bypass scan 


Bypass 


Normal 


10001101 


8D 


BYPASS 


Bypass scan 


Bypass 


Normal 


10001110 


8E 


SCANCN 


Control register scan 


Control 


Normal 


00001111 


OF 


SCANCN 


Control register scan 


Control 


Normal 


11111010 


FA 


SCANCNT 


Counter scan 


Counter 


Normal 


01111011 


7B 


READCNT 


Counter read 


Counter 


Normal 


11111100 


FC 


SCANIDB 


ID bus register scan 


ID bus 


Normal 


01111101 


7D 


READIDB 


ID bus register read 


ID bus 


Normal 


01111110 


7E 


SCANSEL 


Select register scan 


Select 


Normal 


All others 




BYPASS 


Bypass scan 


Bypass 


Normal 



t A SCOPE opcode exists but is not supported by the 'ACT8997. 



Table 3. IRERR Function Table 



NO. OF INSTRUCTION 
REGISTER BITS = 1 




IRERR 


0, 2, 4, 6, 8 


1 


1,3, 5,7 


0 



Table 4. Instruction-Register Status Word 



IR BIT 


VALUEt 


7 


IRERR (see Table 3) 


6 


0 


5 


0 


4 


0 


3 


DCI (1 = active, 0 ■ inactive) 


2 


0 


1 


0 


0 


1 



tThis value is loaded in the instruction 
register during the Capture-IR TAP state. 
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instruction-register opcode description 

The operation of the 'ACT8997 is dependent on the instruction loaded into the IR. Each instruction selects one 
of the data registers to be placed between TDI or DTDI and TDO during the Shift-DR TAP state. All the required 
instructions of IEEE Standard 1149.1 are implemented in the 'ACT8997. 

boundary scan 

This instruction implements the required EXTEST and optional INTEST operations of IEEE Standard 1149.1 . 
The boundary-scan register (which includes the ID-bus register) is placed in the scan path. Data appearing at 
input pins included in the boundary-scan register is captured. Data previously loaded into the output pins 
included in the boundary-scan register is forced through the outputs. 

bypass scan 

This instruction implements the required BYPASS operation of IEEE Standard 1149.1. The bypass register is 
placed in the scan path and preloads with a logic 0 during Capture-DR. 

sample boundary 

This instruction implements the required SAMPLE/PRELOAD operation of IEEE Standard 1149.1. The 
boundary-scan register is placed in the scan path, and data appearing at the inputs and outputs included in the 
boundary-scan register is sampled on the rising edge of TCK in Capture-DR. 

count 

The counter register begins counting on each DCI transition. The count begins from the value present in the 
register before the count instruction was loaded. The counter can be configured by the control register to count 
up or down on either the low-to-high or high-to-low transition of DCI. Counting occurs only while in the 
Run-Test/Idle TAP state. 

control-register scan 

The control register is placed in the scan path for a subsequent shift operation. The register is not preloaded 
during Capture-DR. 

counter-register scan 

The counter register is placed in the scan path. During Capture-DR, the current value of the counter is loaded 
in the counter register. At Update-DR, the newly shifted value is preloaded to the counter. 

counter-register read 

The counter register is placed in the scan path. During Capture-DR, the prior preload value of the counter is 
loaded into the counter register. At Update-DR, the newly shifted value is preloaded to the counter. 

ID-bus-register scan 

The ID-bus register (a subset of the boundary-scan register) is placed in the scan path for a subsequent shift 
operation. The data appearing on the ID bus is loaded into the ID-bus register on the rising edge of TCK in 
Capture-DR. 

ID-bus-register read 

The ID-bus register is placed in the scan path for a subsequent shift operation. The register is not preloaded 
during Capture-DR. 

select-register scan 

The select register is placed in the scan path for a subsequent shift operation. The register is not preloaded 
during Capture-DR. 
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control register description 

The control register (CTLR) is a 10-bit serial register that controls the enable and select functions of the 
'ACT8997. A reset operation forces all bits to a low logic level. The contents of the CTLR are latched and 
decoded during the Update-DR TAP state. The specific function of each bit is listed in Table 5. The enable and 
select functions of the CTLR bits are mapped as follows: 



Table 5. Control-Register Bit Mapping 



BIT 


VALUE 


FUNCTION 


g 


0 


Configure counter to count up 


1 


Configure counter to count down 


8 


0 


Do not stop counting when the count reaches 00000000 


1 


Stop counting when the count reaches 00000000 (count down only) 


7 


0 


Configure DCO as an active-low output 


1 


Configure DCO as an active-high output 




00 


DCO = Inactive (level depends on CTLR bit 7) 


6,5 


01 


DCO = IRERR 


10 


DCO = CE, an internal logic 0 generated when the count is 00000000 (count down) or 11111111 (count up) 




11 


DCO = DCI 


4 


0 


Do not mask IRERR from DCO 


1 


Mask IRERR from DCO 


3 


0 


Configure DCO as an open-drain output 


1 


Configure DCO as a 3-state output 


2 


0 


Disable DCO 


1 


Enable DCO 


1 


0 


Configure DCI as an active-low input 


1 


Configure DCI as an active-high input 


0 


0 


Enable DTCK, DTDO(1^), and DTMS(1-4) [outputs DTDO(1-4) depend on select register (see Table 7)] 


1 


Disable DTCK, DTDO(1^4), and DTMS(1-4) 



Bit 9 -Up/Down 

This bit sets the count mode of the counter register (reset condition = count up). 
Bit 8 - Latch on Zero 

The counter register can be configured to stop counting when its value is 00000000 and ignore subsequent 
transitions on the counter clock, DCI. The latch-on-zero option is valid only in the count-down mode 
(reset condition = do not latch on zero). The value of this bit has no effect on the operation of the counter if 
CTLR bit 9 = 0. 

Bit 7 - DCO Polarity Select 

DCO can be configured as an active-low or active-high output (reset condition = active low). 

Bit 6/Bit 5 - DCO Source Select 1/DCO Source Select 0 

DCO can be used to output the IRERR signal generated by the 'ACT8997 (see Table 3). Bits 6 and 5 can be 
set to output IRERR via DCO on the falling edge of TCK in the Pause-IR state. DCO can also be configured 
to become active when the value of the counter is 00000000, to follow DCI, or be set to a static high or low level 
(reset condition = static high level). 
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Bit 4 - Parity Mask 



The signal IRERR can be masked from appearing on DCO even if bits 6 and 5 are set such that it is output in 
the Pause-IR state (reset condition = do not mask IRERR). 

Bit - DCO Drive Select 

DCO can be configured as either an open-drain or 3-state output (reset condition = open drain). The open-drain 
configuration allows multiple DCO outputs to be used in a wired-OR or wired-AND application. The 3-state 
configuration allows the DCO output to be connected to a bus. 

Bit 2 - DCO Enable 

When configured as a 3-state output, DCO can be placed in the high-impedance state 
(reset condition = disabled). If configured as an open-drain output and disabled, DCO outputs a high level. 

Bit 1 - DCI Polarity Select 

DCI can be configured as an active-low or active-high input (reset condition = active low). 

Bit 0 - Device Test Pins Output Enable (active low) 

DTCK, DTD01-4, and DTMS1-4 pins can be placed in the high-impedance state (disabled) with this bit 
(reset condition = not disabled). If DTD01-4 pins are not disabled using this control bit, then their drive state 
is dependent on the value of the select register (see Table 7). 

Several CTLR bits affect the functionality of the DCO output. The DCO function table is given in Table 6. Figure 3 
illustrates the order of scan for the CTLR. 



TDI or DTDI 



Bit 9 
(MSB) 



> Bit 8 



Bit 7 



Bit 6 



Bit 5 



> Bit 4 



Bit 3 



Bit 2 



Bit 1 



BltO 
(LSB) 



TDO 



Figure 3. Control-Register Bits and Order of Scan 
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Table 6. DCO Function Table 



DCI 


INTERNAL 
SIGNALSt 


CONTROL-REGISTER BITS* 


DCO 




IRERR 


CE 


BIT 7 


BIT 6 


BIT 5 


BIT 4 


BIT 3 BIT 2 


BIT1 




X 


X 


X 


X 


X 


X 


X 


0 


0 


X 


H 


X 


X 


X 


X 


X 


X 


X 


1 


0 


X 


z 


X 


X 


X 


0 


0 


0 


X 


X 


1 


X 


H 


X 


X 


X 


1 


0 


0 


X 


X 


1 


X 


L 


X 


X 


X 


0 


0 


1 


1 


X 


1 


X 


H 


X 


X 


X 


1 


0 


1 


1 


X 


1 


X 


L 


X 


0 


X 


0 


0 


1 


0 


X 


1 


X 


L in Pause-IR§, H otherwise 


X 


1 


X 


0 


0 


1 


0 


X 


1 


X 


H 


X 


0 


X 


1 


0 


1 


0 


X 


1 


X 


H in Pause-IR§, L otherwise 


X 


1 X 


1 


0 


1 


0 


X 


1 


X 


L 


X 


X 


0 


0 


1 


0 


X 


X 


1 


X 


L 


X 


X 


0 


1 


1 


0 


X 


X 




X 


H 


X 


X 1 


0 




0 


X 


X 




X 


H 


X 


X 1 


1 




0 


X 


X 




X 


L 


L 


X 


X 


1 






X 


X 




0 


H 


L 


X 


X 


1 






X 


X 




1 


L 


L 


X 


X 


0 






X 


X 




0 


L 


L 


X 


X 


0 






X 


X 




1 


H 


H 


X 


X 


1 






X 


X 




0 


L 


H 


X 


X 


1 






X 


X 




1 


H 


H 


X 


X 


0 






X 


X 




0 


H 


H 


X 


X 


0 






X 


X 




1 


L 



t These signals are generated as described elsewhere in this data sheet. 

t The control register must contain these values after the TAP has passed through its most recent Update-DR state. 
§ DCO becomes active on the falling edge of TCK as the TAP enters the Pause-IR state and becomes inactive on the 
falling edge of TCK as the TAP enters Exit2-IR. 
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select register description 

The select register (SR) is an 8-bit serial register that determines which, if any, of the secondary scan paths 
(SSPs) will be included in the primary scan path. A reset operation forces all bits to a logic 0. The register is 
divided into four 2-bit sections, each of which controls one SSP. Figure 4 shows the mapping of the bits to the 
SSPs and the order of scan. For each SSP, the higher-order bit is the MSB and the lower-order bit is the LSB 
(e.g., bit 3 is the MSB of SSP2 and bit 2 is the LSB of SSP2). 




SSP3 SSP2 SSP1 



Figure 4. Select Register Bits and Order of Scan 

When a new 8-bit value is loaded into the SR, the configuration of one or more DTMS pins may change. If the 
new value of the SR configures a DTMS pin to a static (high or low) level, it assumes that level on the falling 
edge of TCK in the Update-DR TAP state. This condition is independent of any previous SR configurations. If 
the new value of the SR forces a DTMS pin to follow TMS (i.e., select the secondary scan path) and one or more 
DTMS pins are currently in the TMS-follow mode, the transfer of DTMS lines occurs on the falling edge of TCK 
in the Update-DR TAP state. If, however, the new configuration forces a DTMS pin to follow TMS while no other 
DTMS pin is selected, the DTMS pin is forced low and does not begin following TMS until the falling edge of 
TCK in the Run-Test/Idle TAP state; therefore, when an SSP is initially selected, the TAP state should travel from 
Update-DR to Run-Test/ldle, not from Update-DR to Select-DR-Scan. 

Although any combination of SSPs can be selected, the order of scan for each combination is fixed (see data 
flow description for details). The SR bit decoding is shown in Table 7. 



Table 7. Select Register-Bit Decoding 



MSB 


LSB 


DTMS 
SOURCE 


DTDO 
STATUS 


0 


0 


H 


Z 


0 


1 


L 


z 


1 


X 


TMS 


Activet 



"TThe DTD01-4 outputs are active only in 
the Shift-IR and Shift-DR TAP states. 
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boundary-scan register/ID-bus register description 

The boundary-scan register (BSR) is a 10-bit serial register that can be used to capture data appearing at 
selected device inputs, force data through device outputs, and apply data to the device's internal logic. The BSR 
is made up of boundary-scan cells (BSCs). Table 8 lists the device signal for each of the 1 0 BSCs that comprise 
the BSR. A reset operation does not affect the contents of the BSR. 



Table 8. Boundary-Scan Register Bit Mapping 



BIT 


TERMINAL 
NAME 


SIGNAL DESCRIPTION 


9 


MCI 


Master condition in 


8 


MCO 


Master condition out 


7 


DCI 


Device condition in 


6 


DCOTSt 


Enable control for DCO in 3-state configuration (active low) 


5 


DCOODt 


Enable control for DCO in open-drain configuration (active low) 


4 


DCO 


Device condition out 


3 


ID4 


Identification bus bit 4 


2 


ID3 


Identification bus bit 3 


1 


ID2 


Identification bus bit 2 


0 


ID1 


Identification bus bit 1 



t This internal signal cannot be observed from the I/O terminals of the device. 



The four BSCs connected to the ID(1-4) terminals form a subset of the BSR called the ID-bus register (IDBR). 
The IDBR can be scanned without accessing the remaining BSCs of the BSR. Figure 5 shows the order of scan 
for the BSR and IDBR. 



TDI or DTDI 
TDI or DTDI 





Bit9 
(MSB) 


— ► 


Bit 8 


— ► 


Bit 7 


— ► 


Bit 6 


— ► 


Bit 5 


— ► 


Bit 4 




* 


Bit 3 


— ► 


Bit 2 




Bit 1 




BitO 
(LSB) 


— ► TDO 


























\ 














J 



IDBR 



BSR 



Figure 5. Boundary-Scan Register Bits and Order of Scan 



bypass register description 

The bypass register (BR) is a 1-bit serial register. The BR provides a means of effectively removing the 
'ACT8997 from the primary scan path when it is not needed for the current test operation. Any selected 
secondary scan paths remain active in the primary scan path as described in the data flow description. At power 
up, the BR is placed in the scan path. During Capture-DR, the BR is preloaded with a low logic level. Figure 6 
shows the order of scan for the bypass register. 



TDI or DTDI 




>TDO 



Figure 6. Bypass-Register Bit and Order of Scan 
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counter register description 

The counter register (CNTR) is an 8-bit serial register and an associated 8-bit parallel-load up/down counter. 
A reset operation forces all bits of the shift register to a logic 0 but does not affect the counter. The counter can 
be preloaded with an initial value before counting begins, and the current value of the counter scanned out via 
the shift register. The CNTR can be used to count events occurring on the secondary scan path(s) using the 
DCI pin as a counter clock and can output interrupt signals via DCO when the count has reached its end value. 

An internal signal, CE, is generated as a logic 0 when the count reaches its end value (i.e., 00000000 for count 
down, 11111111 for count up). For any other count value, CE is a logic 1. Many of the features of the CNTR are 
configured by a bit in the CTLR including: 

Count direction up or down (control register bit 9; reset condition = count up). 

Stop counting upon counting down to 00000000 (control register bit 8; reset condition = do not latch on zero). 
Output CE signals at DCO (control register bits 5 and 6; reset condition = do not output CE at DCO). 
Edge of DCI on which to trigger (control register bit 1; reset condition = positive edge). 
Figure 7 shows the order of scan for the CNTR. 



TDI orDTDI 




| ^(LSB)| ~* 



TDO 



Figure 7. Counter-Register Bits and Order of Scan 
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data flow description 

The direction of serial-data flow in the 'ACT8997 is dependent on the current instruction and value of the SR. 
Figure 8 shows the data flow when one or more SSPs have been selected. When more than one SSP has been 
selected, the order of scan is determined by which SSPs have been selected as shown in Table 9. The 'ACT8997 
add one bit of delay from TDI or DTD I to DTDO. 

•ACT8997 



TDI 



IR or 
Selected DR 



TDO 



NO SECONDARY SCAN PATH SELECTED 



•ACT8997 



Selected Scan Path 



•ACT8997 





TDI (1 -bit delay) DTDOn 


► 


TDI SSPn TDO 


► 


IRor 

DTDIn Selected DR TDO 


► 


► 









ONE SECONDARY SCAN PATH SELECTED 



'ACT8997 



Selected Scan Path 



> TDI (1-blt delay) DTDOx 



TDI 



SSPx 



TDO 



'ACT8997 Selected Scan Path 



— ► 


DTDIx (1-blt delay) DTDOn 


► 


TDI SSPn TDO 







r 



•ACT8997 




Selected Scan Path 




'ACT8997 






DTDIn (1-blt delay) DTDOm 


► 


TDI SSPm TDO 




IR or 

DTDIm Selected DR 


TDO 


► 




► 





MULTIPLE SECONDARY SCAN PATHS SELECTED 

Figure 8. Data Flow in the 'ACT8997 
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Table 9. Scan-Path Configurations 



SR BIT 


SSP CONFIGURATION 


SCAN-PATH CONFIGURATION"!"* 


7 


5 


3 


1 


SSP4 


SSP3 


SSP2 


SSP1 


0 


0 


0 


0 


Inactive 


Inactive 


Inactive 


Inactive 


TDI-SPL-TDO 


0 


0 


0 


1 


Inactive 


Inactive 


Inactive 


Active 


TDI-(1)-SSP1-SPL-TDO 


0 


0 


1 


0 


Inactive 


Inactive 


Active 


Inactive 


TDI-(1)-SSP2-SPL-TDO 


0 


0 


1 


1 


Inactive 


Inactive 


Active 


Active 


TDI-(1)-SSP1-(1)-SSP2-SPL-TDO 


0 


1 


0 


0 


Inactive 


Active 


Inactive 


Inactive 


TDI-(1)-SSP3-SPL-TDO 


0 


1 


0 


1 


Inactive 


Active 


Inactive 


Active 


TDI-(1)-SSP1-(1)-SSP3-SPL-TDO 


0 


1 


1 


0 


Inactive 


Active 


Active 


Inactive 


TDI-(1)-SSP2-(1)-SSP3-SPL-TDO 


0 


1 


1 


1 


Inactive 


Active 


Active 


Active 


TDI-(1)-SSP1-(1)-SSP2-(1)-SSP3-SPL-TDO 




0 


0 


0 


Active 


Inactive 


Inactive 


Inactive 


TDI-(1)-SSP4-SPL-TDO 




0 


0 


1 


Active 


Inactive 


Inactive 


Active 


TDI-(1)-SSP1-(1)-SSP4-SPL-TDO 




0 


1 


0 


Active 


Inactive 


Active 


Inactive 


TDI-(1)-SSP2-(1)-SSP4-SPL-TDO 




0 


1 


1 


Active 


Inactive 


Active 


Active 


TDI-(1)-SSP1-(1)-SSP2-(1)-SSP4-SPL-TDO 




1 


0 


0 


Active 


Active 


Inactive 


Inactive 


TDI-(1)-SSP3-(1)-SSP4-SPL-TDO 




1 


0 


1 


Active 


Active 


Inactive 


Active 


TDI-(1)-SSP1-(1)-SSP3-(1)-SSP4-SPL-TDO 




1 


1 


0 


Active 


Active 


Active 


Inactive 


TDI-(1 )-SSP2-(1 )-SSP3-(1 )-SSP4-SPL-TDO 


1111 


Active 


Active 


Active 


Active 


TDI-(1)-SSP1-(1)-SSP2-(1)-SSP3-(1)-SSP4-SPL-TDO 



t The scan-path configuration is the order of scan, beginning with the TDI of the 'ACT8997 and ending with the TDO of the 'ACT8997. 
$ A (1 ) indicates one bit of delay through the 'ACT8997. SPL indicates the selected scan register within the 'ACT8997. 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)§ 



Supply voltage range, Vcc -0-5 V to 7 V 

Input voltage range, V| (see Note 1) -0.5 V to Vcc + 0.5 V 

Output voltage range, Vq (see Note 1 ) -0.5 V to Vcc + 0.5 V 

Input clamp current, l|« (V| < 0 or V| > Vcc) ±20 mA 

Output clamp current, Iqk (V| < 0 or V| > Vcc) ±2° mA 

Continuous output current, lo (Vo = 0 to Vcc) ±25 mA 

Maximum power dissipation at Ta = 55°C (in still air) (see Note 2): DW package 1 .7 W 

NT package 1 .3 W 

Storage temperature range, T s t g -65°C to 1 50°C 



§ Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 
NOTES: 1 . The input and output voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 

2. The maximum package power dissipation is calculated using a junction temperature of 1 50°C and a board trace length of 750 mils, 
except for the NT package, which has trace length of zero. For more information, refer to the Package Thermal Considerations 
application note in the ABT Advanced BiCMOS Technology Data Book, literature number SCBD002. 



Texas 
Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 8-1 1 1 



SN54ACT8997, SN74ACT8997 

SCAN-PATH LINKERS WITH 4-BIT IDENTIFICATION BUSES 
SCAN-CONTROLLED IEEE STD 1149.1 (JTAG) TAP CONCATENATORS 

SCAS157D- APRIL 1990 - REVISED DECEMBER 1996 



recommended operating conditions 









SN54ACT8997 


SN74ACT8997 


UNIT 








M1N MAX 


MIN MAX 


vcc 


Supply voltage 




4.5 5.5 


4.5 5.5 


V 


V|H 


High-level input voltage 




2 


2 


V 


V||_ 


Low-level input voltage 




0.8 


0.8 


V 


v l 


Input voltage 




0 Vcc 


0 Vcc 


V 


vo 


Output voltage 




0 v C c 


0 V C c 


V 


'OH 


High-level output current 


TDO, DTDO(1^), MCO 


-7 


-10 


mA 


DTMS(1^), DCO (3 state), DTCK 


-11 


-16 






TDO, DTDO(1-4), MCO 


7 


10 




lOL 


Low-level output current 


DCO (open drain or 3 state) 


11 


16 


mA 


DTMS(1-4) 


16 


24 






DTCK 


32 


48 




TA 


Operating free-air temperature 




-55 125 


0 70 


°C 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


SN54ACT8997 


SN74ACT8997 


UNIT 


MIN MAX 


MIN TYPt MAX 


v OH 


TDO, DTDO(1-4), MCO 


V CC = 4.5V 


Iqh = -7 mA 


3.6 




V 


Iqh = -10 mA 




3.7 


DTMS(1-4), DCO (3 state), 
DTCK 


V C C = 4.5 V 


'OH = -11 mA 


3.6 




Iqh = -16 mA 




3.7 


vol 


TDO, DTDO(l^l), MCO 


V C C = 4.5V 


'OL = 7 mA 


0.5 




v 


IOL= 10 mA 




0.5 


DCO (open drain or 3 state) 


V C C = 4.5V 


lOL = 11 mA 


0.5 




l0L= 16 mA 




0.5 


DTMS(1-4) 


V C C = 4.5V 


IOL= 16 mA 


0.5 




lOL = 24 mA 




0.5 


DTCK 


VCC = 4.5 V 


lOL = 32 mA 


0.5 




Iql = 48 mA 




0.5 


ioz* 


DTDO(1-4), DTMS(1-4), 
DCO, DTCK 


Vcc = 5.5 V, Vo = Vcc or GND 


±10 


±5 


u.A 


'OH 


DCO (open drain) 


V C c-5.5V, V 0 = V C c 


20 


10 


\iA 


'I 


MCI, DCI, TCK, ID(1-4) 


Vcc = 5.5 V, V| = Vcc o r GND 


±1 


±1 


\iA 


TDI, DTDI(1-4), 
TMS, TRST 


V C C = 5.5 V 


V|-V CC 


±1 


±1 


V| = GND 


-0.1 -20 


-0.1 -20 


'cc 


Vcc = 5.5 V, V| = Vcc or GND, lo = 0 


100 


100 


HA 


Alcc § 


Vcc = 5 -5 V, One input at V| = 3.4 V, 
Other inputs at Vcc or GND 


1 


1 


mA 


Cj 


V| = Vcc or GND 




6 


PF 


Co 


DCO 


Vo = Vcc or GND 




15 


PF 


Co 


All other outputs 


Vq = Vcc °r GND 




10 


PF 



t Typical values are at Vcc = 5 V. 

* For I/O pins, the parameter Ioz includes the input-leakage current. For the DCO pin, the parameter Ioz includes the open-drain output-leakage 
current. 

§ This is the increase in supply current for each input being driven at TTL levels rather than Vcc or GND. 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature 





SN54ACT8997 


SN74ACT8997 


UNIT 


MIN MAX 


MIN MAX 


'clock Clock frequency 


TCK 


0 20 


0 20 


MHz 


DCI (count mode) 


0 20 


0 20 


t w Pulse duration 


TCK high or low 


12 


12 


ns 


DCI high or low (count mode) 


7 


7 


TRST low 


7 


7 


t su Setup time 


TMS before TCKT 


8 


8 


ns 


i ui ueiore i uis i 


9 


9 


Any DTDI before TCKt 


7 


7 


MCI before TCKT 


r> 
o 


o 
O 


DCI before TCKT 


3 


2 


Any ID before TCKT 


2 


2 


t n Hold time 


TMS after TCKT 


2 


2 


ns 


TDI after TCKT 


2 


2 


Any DTDI after TCKT 


2 


2 


MCI after TCKT 


4 


4 


DCI after TCKT 


4 


4 


Any ID after TCKT 
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* On products compliant to MIL-PRF-38535, this parameter is not production tested. 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (see Figure 9) 
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APPLICATION INFORMATION 
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PARAMETER MEASUREMENT INFORMATION 
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Control 
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Waveform 1 
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(see Note B) 
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Waveform 2 
S1 at GND 
(see Note B) 
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K- | 
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3V 
0V 
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« OV 



VOLTAGE WAVEFORMS 
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NOTES: A. C|_ includes probe and jig capacitance. 

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

C. Input pulses are supplied by generators having the following characteristics: PRR < 1 0 MHz, Zq = 50 fl, t r = 3 ns, tf = 3 ns. 
For testing pulse duration: t r = 1 to 3 ns, tf - 1 to 3 ns. Pulse polarity may be either high-to-low-to-high or a low-to-high-to-low. 

D. The outputs are measured one at a time with one transition per measurement. 



Figure 9. Load Circuit and Voltage Waveforms 
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• Members of theTexas Instruments 
SCOPE™ Family of Testability Products 

• Compatible With the IEEE Standard 1149.1 
(JTAG) Serial Test Bus 

• Allow Partitioning of System Scan Paths 

• Can Be Cascaded Horizontally or Vertically 
© Select One of Four Secondary Scan Paths 

to Be Included in a Primary Scan Path 

• Provide Communication Between Primary 
and Remote Test Bus Controllers 

• Include 8-Bit Programmable Binary Counter 
to Count or Initiate Interrupt Signals 

o Include 8-Bit Identification Bus for Scan 
Path Identification 

• Inputs Are TTL Compatible 

• EPIC™ (Enhanced-Performance Implanted 
CMOS) 1-um Process 

• Package Options Include Plastic 
Small-Outline (DW) Packages, Ceramic 
Chip Carriers (FK), and Standard Plastic 
(NT) and Ceramic (JT) 300-mll DIPs 

description 



SN54ACT8999 . . . JT PACKAGE 
SN74ACT8999 ... DW OR NT PACKAGE 
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The 'ACT8999 are members of the Texas 
Instruments SCOPE™ testability integrated- 
circuit family. This family of components facilitates 
testing of complex circuit-board assemblies. 

The 'ACT8999 enhance the scan capability of Tl's 
SCOPE™ family by allowing augmentation of a 
system's primary scan path with secondary scan 
paths (SSPs), which can be individually selected 
by the 'ACT8999 for inclusion in the primary scan 
path. The device also provides buffering of test 
signals to reduce the need for external logic. 

By loading the proper values into the instruction register and data registers, the user can select one of four 
secondary scan paths. This has the effect of shortening the scan path to allow maximum test throughput when 
an individual subsystem (board or box) is to be tested. Any of the device's six data registers or the instruction 
register can be placed in the device's scan path, i.e., placed between test data input (TDI) and test data output 
(TDO) for subsequent shift and scan operations. 

All operations of the device except counting are synchronous to the test clock (TCK). The 8-bit programmable 
up/down counter can be used to count transitions on the device condition input (DCI) and output interrupt signals 
via the device condition output (DCO). The device can be configured to count on either the rising or falling edge 
of DCI. 



SCOPE and EPIC are trademarks of Texas Instruments Incorporated. 



PRODUCTION DATA Information is current a« of publication data. Copyright © 1996, Texas Instruments Incorporated 

KffiSII^S^^ J/il m On products compliant to MIL-PRM8535, all parameters are tested 

f2^tt7.^!^ urtMproe *^ ngdowno,n * c ** Mrilylnclud * rCV AC unless otherwise noted. On all other products, production 

testing o( all parameters. V ICAnd processing does not necessarily Include testing olall parameters. 
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description (continued) 

If a system's test architecture contains more than one test bus controller, the 8-bit bidirectional bus can be used 
to interface a higher-level primary bus controller (PBC) with one or more lower-level remote bus controllers 
(RBCs). A protocol allows the PBC to pass control of the 'ACT8999 to an RBC, freeing the PBC for other tasks. 
The 8-bit bus also can be hardwired to provide one of 256 codes for subsystem identification. The test access 
port (TAP) controller is a finite-state machine compatible with IEEE Standard 1149.1. 

The SN54ACT8999 is characterized for operation over the full military temperature range of -55°C to 125°C. 
The SN74ACT8999 is characterized for operation from 0°C to 70°C. 

functional block diagram 



vcci 

OTMS^-4 



> 



VCCI 



DTDI 



TDI 



DCI 



MCI 



Vcct 
16? 



28 
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TMS 
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TRST 
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15 



VCCI 
17i 



Data 
Registers 



Instruction 
Register 
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F=D — ^ 
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Test 
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Circuit 
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DTDO 



DCO 
state or 
open drain) 
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D — >» 
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Pin numbers shown are for the DW, JT, and NT packages. 
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functional block description 

The 'ACT8999 implements two separate functions in one package. The primary function of the device is to 
include a selected secondary scan path in the system's primary scan path to enable a PBC to perform controlling 
and observing test functions on the selected path. This is accomplished by driving the TMS terminal(s) of a 
secondary scan path with one of the DTMS pins of the device. This approach allows a system to have built-in 
testability at all levels without requiring that the primary-system scan path always include all subsystem scan 
paths. As a result, test throughput is improved and the amount of test data that must be interpreted is reduced. 
The device includes error-detection circuitry that prevents the user from inadvertently activating more than one 
secondary scan path at a time. 

Another function of the device is provided by the 8-bit identification bus. This bus can be hardwired with pullup 
and pulldown resistors to supply an identification code to the test controller(s) to verify that test operations are 
being performed on the proper portion of the system. The bus can also transfer data and instructions to another 
device, such as a local or remote bus controller, and pass control of the scan-path select function to that device. 
This frees the primary controller to activate another secondary scan path elsewhere in the system or perform 
higher-level test control functions. When the RBC is ready to return control of the device, interrupt signals alert 
the primary controller. 

The least-significant bit (LSB) of any value scanned into any register of the device is the first bit shifted in 
(nearest to TDO). The most-significant bit (MSB) is the last bit shifted in (nearest to TDI). The 'ACT8999 is 
divided into functional blocks as detailed below. 

test ports 

The test ports decode the signals on TCK, TMS, OTMS, and TRST to control the operation of the circuit. Each 
test port includes a TAP controller that issues the proper control instructions to the data registers according to 
the IEEE Standard 1149.1 protocol. The TAP controller state diagram is shown in Figure 1 . Two test ports are 
included on the 'ACT8999, allowing different test controllers to command different sections of the device. 

TMS circuit 

The TMS circuit decodes bits in the select and control registers to determine which one, if any, of the DTMS 
pins (which provide mode-select signals to the secondary scan path(s)) follow the TMS pin or OTMS pin. The 
unselected DTMS pins are set by the circuit to a static high or low level. 

instruction register 

The instruction register (IR) is an 8-bit-wide serial-shift register that issues commands to the device. Data is 
input to the instruction register via TDI or DTDI and shifted out via TDO. All device operations are initiated by 
loading the proper instruction or sequence of instructions into the IR. 

data registers 

Six parallel data registers are included in the 'ACT8999: bypass, control, counter, boundary-scan, ID-bus, and 
select. The ID bus register is a part of the boundary-scan register. Each data register is serially loaded via TDI 
or DTDI and outputs data via TDO. Table 1 summarizes the registers in the 'ACT8999. 



Table 1. Register Summary 



REGISTER NAME 


LENGTH (BITS) 


FUNCTION 


Instruction 


8 


Issue command information to the device 


Remote Instruction 


8 


Issue command information to the select register 


Control 


13 


Configuration and enable control 


Counter 


8 


Count events on DCI, output interrupts via DCO 


Select 


8 


Select one of four DTMS pins to follow TMS or OTMS 


Boundary Scan 


15 


Capture and force test data at device periphery 


ID Bus 


8 


Pass test commands and data between a PBC and RBC(s) 


Bypass 


1 


Remove the 'ACT8999 from the scan path 
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Terminal Functions 



TERMINAL 
NAME 


I/O 


DESCRIPTION 


DCI 


I 


Device condition input. DCI receives interrupt and protocol signals from an RBC and/or the secondary scan path(s). 
When the counter register is instructed to count up or down, DCI is configured as the counter clock. 


DCO 


0 


Device condition output. DCO is configured by the control register to output protocol and interrupt signals to a PBC. 
It also can be configured by the control register to output an error signal if the instruction register or select register are 
loaded with invalid values. DCO is further configured by the control register as: 

Active high or active low (reset condition = active low) 

Open drain or 3-state (reset condition = open drain) 


DTCK 


0 


Device test clock. DTCK outputs the buffered test clock TCK to the secondary scan path(s). 


DTD I 


I 


Device test data input. DTDI receives the serial test data output of the selected secondary scan path. An internal pullup 
forces DTDI to a high logic level if it is left unconnected. 


DTDO 


0 


Device test data output. DTDO outputs serial test data to the TDI input(s) of the secondary scan path(s). 


DTMS1 
DTMS2 
DTMS3 
DTMS4 


0 


Device test mode select 1 -4. Either one or none of these four outputs can be selected to followTMS or OTMS to include 
a secondary scan path in the primary scan path. The unselected DTMS outputs can be independently set to a static 
high or low logic level. The TMS circuit monitors input from the select register to determine the configuration of the 
DTMS outputs. 


DTRST 


0 


Device test reset. This active-low output transmits a reset signal to the secondary scan path(s). DTRST can be 
asserted by a bit in the control register or by setting TRST low. 


GND 




Ground 


ID1 
ID2 
ID3 
ID4 
ID5 
ID6 
ID7 
ID8 


I/O 


Identification 1-8. This 8-bit data bus can be used to communicate with an RBC and pass data and control instructions. 
By wiring pullup and pulldown resistors to these terminals, one of 255 unique identification codes can be assigned to 
the device to allow a test controller to determine the identity of the subsystem under test. 


MCI 


I 


Master condition input. MCI receives interrupt and protocol singals from a PBC. 


MCO 


0 


Master condition output. MCO transmits interrupt and protocol signals to an RBC and/or the secondary scan path(s). 
MCO also outputs an active-low error signal during the Pause-DR TAP state if an RBC loads an invalid value in the 
select register. 


OTMS 


I 


Optional test mode select. OTMS can be used instead of TMS to control the select register. This is useful when a 
remote bus controller is available to control the secondary scan path(s). An internal pullup forces OTMS to a high level 
if left unconnected. 


TCK 


I 


Test clock. One of four terminals required by IEEE Standard 1149.1. All operations of the 'ACT8999 except for the 
count function are synchronous to TCK. Data on the device inputs is captured on the rising edge of TCK, and outputs 
change on the falling edge of TCK. 


TDI 


I 


Test data input. One of four terminals required by IEEE Standard 11 49. 1 . TDI is the serial input for shifting information 
into the instruction register or selected data register. TDI is typically driven by the TDO output of the primary bus 
controller. An internal pullup forces TDI to a high level if it is left unconnected. 


TDO 


0 


Test data output. One of four terminals required by IEEE Standard 1149.1. TDO is the serial output for shifting 
information out of the instruction register or selected data register. TDO is typically connected to the TDI input of the 
next scannable device in the primary scan path. 


TMS 


I 


Test mode select. One of four terminals required by IEEE Standard 1 1 49. 1 . The level of TMS at the rising edge of TCK 
directs the 'ACT8999 through its TAP controller states. An internal pullup forces TMS to a high level if left unconnected. 


TRST 


I 


Test reset. This active-low input inplements the optional reset terminal of IEEE Standard 1149.1. When asserted, 
TRST causes the 'ACT8999 to go to the Test-Logic-Reset state and configure the instruction register and data 
registers to their power-up values. TRST is also output without inversion via DTRST. An internal pullup forces TRST 
to a high level if left unconnected. 


vcc 




Supply voltage 
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state diagram description 



The TAP proceeds through the states in Figure 1 according to IEEE Standard 1 1 49.1 . There are six stable states 
(indicated by a looping arrow) and ten unstable states in the diagram. A stable state is defined as a state the 
TAP can retain for consecutive TCK cycles. Any state that does not meet this criterion is an unstable state. 

There are two main paths through the state diagram: one to manipulate a data register and one to manipulate 
the instruction register. No more than one register can be manipulated at a time. 
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Figure 1. TAP-Controller State Diagram 
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Test-Logic-Reset 

In this state, the test logic is inactive and an internal reset signal is applied to all registers in the device. During 
device operation, the TAP returns to this state in no more than five TCK cycles if the test mode select (TMS) 
input is high. The TMS pin has an internal pullup that forces it to a high level if it is left unconnected or if a board 
defect causes it to be open circuited. The device powers up in the Test-Logic-Reset state. 

Run-Test/Idle 

The TAP must pass through this state before executing any test operations. The TAP may retain this state 
indefinitely, and no registers are modified while in Run-Test/Idle. The 8-bit programmable up/down counter can 
be operated in this state. 

Select-DR-Scan, Select-IR-Scan 

No specific function is performed in these states; the TAP exits either of them on the next TCK cycle. 
Capture-DR 

The selected data register is placed in the scan path (i.e., between TDI and TDO). Depending on the current 
instruction, data may or may not be loaded or captured by that register on the rising edge of TCK, causing the 
TAP state to change. 

Shlft-DR 

In this state, data is serially shifted through the selected data register from TDI to TDO on each TCK cycle. The 
first shift does not occur until the first TCK cycle after entering this state (i.e., no shifting occurs during the TCK 
cycle in which the TAP changes from Capture-DR to Shift-DR or from Exit2-DR to Shift-DR). On the falling edge 
of TCK in Shift-DR, TDO goes from the high-impedance state to the active state. TDO enables to the value 
present in the least-significant bit of the selected data register. 

Exitl-DR, Exit2-DR 

These are temporary states used to end the shifting process. It is possible to return to the Shift-DR state from 
either Exitl -DR or Exit2-DR without recapturing the data register. The last shift occurs on the TCK cycle in which 
the TAP state changes from Shift-DR to Exitl -DR. TDO changes from the active state to the high-impedance 
state on the falling edge of TCK in Exitl -DR. 

Pause-DR 

The TAP can remain in this state indefinitely. The Pause-DR state suspends and resumes shift operations 
without loss of data. 

Update-DR 

If the current instruction calls for the latches in the selected data register to be updated with current data, the 
latches are updated only during this state. 

Capture-IR 

The instruction register is preloaded with the IR status word (see Table 4) and placed in the scan path. 
Shift-IR 

In this state, data is serially shifted through the instruction register from TDI to TDO on each TCK cycle. The 
first shift does not occur until the first TCK cycle after entering this state (i.e., no shifting occurs during the TCK 
cycle in which the TAP changes from Capture-IR to Shift-IR or from Exit2-IR to Shift-IR). On the falling edge of 
TCK in Shift-IR, TDO goes from the high-impedance state to the active state, and will enable to a high level. 
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ExitMR, Exit2-IR 

These are temporary states used to end the shifting process. It is possible to return to the Shift-IR state from 
either Exit1-IR or Exit2-IR without recapturing the instruction register. The last shift occurs on the TCK cycle in 
which the TAP state changes from Shift-IR to Exit1-IR. TDO changes from the active state to the 
high-impedance state on the falling edge of TCK in Exit1-IR. 

Pause-IR 

The TAP can remain in this state indefinitely. The Pause-I R state suspends and resumes shift operations without 
loss of data. 

Update-IR 

In this state, the latches shadowing the instruction register are updated with the new instruction. 



instruction register description 

The instruction register (IR) is an 8-bit serial register that outputs control signals to the device. Table 2 lists the 
instructions implemented in the 'ACT8999 and the data register selected by each instruction. The MSB of the 
IR is a n even-p arity bit. If the value scanned into the IR during Shift-IR does not contain even parity, an error 
signal (IRERR) is generated internally as shown in Table 3. The 'ACT8999 can be configured to output IRERR 
via DCO if the TAP enters the Pause-IR state. 

During the Capture-IR state, the IR status word is loaded. The IR status word contains information about the 
most recently loaded values of the instruction and select registers and the logic level present at the DCI input. 
The IR status word is encoded as shown in Table 4. Figure 2 shows the order of scan for the IR. 



TDI or DTDI- 



Bit 7 




Bite 




Bit 5 


(MSB) 


► 


— ► 



Bit 4 




Bit 3 




Bit 2 


► 


► 



Bit 1 




BitO 
(LSB) 


» 



TDO 



Figure 2. Instruction-Register Bits and Order of Scan 
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Table 2. Instruction-Register Opcodes 



BINARY CODE 
BIT 7 -* BIT 0 
MSB — > LSB 


HEX 
VALUE 


SCOPE OPCODE 


DESCRIPTION 


SELECTED DATA 
REGISTER 


MODE 


00000000 


00 


EXTEST 


Boundary scan 


Boundary scan 


Test 


mnnnnm 


81 


BYPASS 


u y ljcioo ouai i 


Rv/naee 

LJJ LVdOd 


Normal 


mnnnnm 


82 


^AMPI F/PRPI HAD 


Qamnlo hrninHaru 

Oul 1 ILJIo LrVUI lUdl y 


Ljvjuiiuciiy ovoi i 


Normal 
1 l 1 idl 


nnnnnnn 


03 


INTEST 


RminHan/ cran 
Duuiiuaiy owcti i 


Duuiiuciiy ovaii 


Test 




84 


RYPA^t 


lj y paoo owdi i 


lj yfjaoo 


Norma! 


nnnnmm 


05 


RYPA^t 
D I r/AOO • 


uy|Jcioo oval) 


Rvnacc 
LjyLyaod 


Mnrmal 


nnnnn 11 n 

UVJVJUU I I u 


nfi 

UU 


RYPAQQT 
D T rnOo i 


Bypass scan 


Rv/nacc 
Dypaoo 


Mnrmal 
INUIIMdl 


mnnmn 

I UUUU I I I 


R7 
Of 


D T rnoo i 


Bypass scan 


Rv/naee 
Dypdbo 


Mftrmol 
INUl lllal 


1 nnm nnn 


oo 




Count 


R\/riocc 

oypdob 


Normal 


nnnmnm 


09 


POI IMT 


Count 


Runacc 


Mnrmal 

i^iui 1 1 idl 


nnnmnm 

UUvU IU IU 


OA 


RYPA^t 


oy^Jaoo Oval i 


RvnflQQ 
LjyLyaoo 


Normal 

I^IUI 1 1 Idl 


1 www lull 


8B 


BYPA^t 


lj y ljcioo ouai i 


Rvnoco 
wy |Jaoo 


Normal 
inui 1 1 idi 


nnnnunn 


OC 


BYPASSt 


RvnflQQ Qfisn 
oyyja^o olsGii 


Rvns^^ 
Ljy Liaoo 


Normal 


10001101 


8D 


BYPASS 


Bypass scan 


Bypass 


Normal 


10001110 


8E 


SCANCN 


Control register scan 


Control 


Normal 


00001111 


OF 


SCANCN 


Control register scan 


Control 


Normal 


11111010 


FA 


SCANCNT 


Counter scan 


Counter 


Normal 


01111011 


7B 


READCNT 


Counter read 


Counter 


Normal 


11111100 


FC 


SCANIDB 


ID bus register scan 


ID bus 


Normal 


01111101 


7D 


READIDB 


ID bus register read 


ID bus 


Normal 


01111110 


7E 


SCANSEL 


Select register scan 


Select 


Normal 


All others 




BYPASS 


Bypass scan 


Bypass 


Normal 



t A SCOPE opcode exists but is not supported by the 'ACT8999. 



Table 3. IRERR Function Table 



NO. OF INSTRUCTION 
REGISTER BITS = 1 




IRERR 


0, 2, 4, 6, 8 


1 


1,3, 5,7 


0 



Table 4. Instruction-Register Status Word 



IR BIT 


VALUE* 


7 


IRERR (see Table 3) 


6 


0 


5 


0 


4 


0 


3 


Level present at DCI input (1 = H, 0 = L) 


2 


SRERR (see Table 8) 


1 


0 


0 


1 



t This value is loaded in the instruction register during 
the Capture-IR TAP state. 
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instruction-register opcode description 

The operation of the 'ACT8999 is dependent on the instruction loaded into the instruction register. Each 
instruction selects one of the data registers to be placed between TDI or DTD I and TDO during the Shift-DR 
TAP state. All the required instructions of IEEE Standard 1149.1 are implemented in the 'ACT8999. 

boundary scan 

This instruction implements the required EXTEST and optional INTEST operations of IEEE Standard 1149.1. 
The boundary-scan register (which includes the ID-bus register) is placed in the scan path. Data appearing at 
input pins included in the boundary-scan register is captured. Data previously loaded into the output pins 
included in the boundary-scan register is forced through the outputs. 

bypass scan 

This instruction implements the required BYPASS operation of IEEE Standard 1149.1 . The bypass register is 
placed in the scan path and preloads with a logic 0 during Capture-DR. 

sample boundary 

This instruction implements the required SAMPLE/PRELOAD operation of IEEE Standard 1149.1. The 
boundary-scan register is placed in the scan path, and data appearing at the inputs and outputs included in the 
boundary-scan register is sampled on the rising edge of TCK in Capture-DR. 

count 

The counter register begins counting on each DCI transition. The count begins from the value present in the 
register before the count instruction was loaded. The counter can be configured by the control register to count 
up or down on either the low-to-high or high-to-low transition of DCI. Counting occurs only while in the 
Run-Test/ldle TAP state. 

control-register scan 

The control register is placed in the scan path for a subsequent shift operation. The register is not preloaded 
during Capture-DR. 

counter-register scan 

The counter register is placed in the scan path. During Capture-DR, the current value of the counter is loaded 
in the counter register. At Update-DR, the newly shifted value is preloaded to the counter. 

counter-register read 

The counter register is placed in the scan path. During Capture-DR, the prior preload value of the counter is 
loaded into the counter register. At Update-DR, the newly shifted value is preloaded to the counter. 

ID-bus-register scan 

The ID-bus register (a subset of the boundary-scan register) is placed in the scan path for a subsequent shift 
operation. The data appearing on the ID bus is loaded into the ID-bus register on the rising edge of TCK in 
Capture-DR. 

ID-bus register read 

The ID-bus register is placed in the scan path for a subsequent shift operation. The register is not preloaded 
during Capture-DR. 

select-register scan 

The select register is placed in the scan path for a subsequent shift operation. The register is not preloaded 
during Capture-DR. 
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control-register description 

The control register (CTLR) is a 13-bit serial register that controls the enable and select functions of the 
'ACT8999. A reset operation forces all bits to a logic 0. The contents of the control register are latched and 
decoded during the Update-DR TAP state. The specific function of each bit is listed in Table 5. The enable and 
select functions of the control register bits are mapped as follows: 



Table 5. Control-Register Bit Mapping 



BIT 


VALUE 


FUNCTION 


12 


0 


Configure counter to count up 


1 


Configure counter to count down 


11 


0 


Do not stop counting when the count reaches 00000000 


1 


Stop counting when the count reaches 00000000 (count down only) 


10 


0 


Configure DCO as an active-low output 


1 


Configure DCO as an active-high output 


9, 8 


00 


DCO = Inactive (level depends on CTLR bit 1 0) 


01 


DCO = (IRERR • SRERR) 


10 


DCO = CE, an internal logic 0 generated when the count is 00000000 (count down) or 11111111 (count up) 


11 


DCO - DCI 


7 


0 


Do not mask IRERR and SRERR from DCO 


1 


Mask IRERR and SRERR from DCO 


6 


0 


Configure DCO as an open-drain output 


1 


Configure DCO as a 3-state output 


5 


0 


Disable DCO 


1 


Enable DCO 


4 


0 


Configure DCI as an active-low input 


1 


Configure DCI as an active-high input 


3 


0 


Enable DTCK, DTDO, and DTMS(1-4) 


1 


Disable DTCK, DTDO, and DTMS(1-4) 


2 


0 


Disable ID(1-8) 


1 


Enable ID(1-8) 


1 


0 


Disable RBC 


1 


Enable RBC 


0 


0 


DTRST = TRST 


1 


DTRST = L 



Bit 12 -Up/Down 

This bit sets the count mode of the counter register (reset condition = count up). 
Bit 11 - Latch on Zero 

The counter register can be configured to stop counting when its value is 00000000 and ignore subsequent 
transitions on the counter clock, DCI. The latch-on-zero option is valid only in the count-down mode 
(reset condition = do not latch on zero). The value of this bit has no effect on the operation of the counter if 
CTLR bit 12 =0. 

Bit 10 - DCO Polarity Select 

DCO can be configured as an active-low or active-high output (reset condition = active low). 
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Bit 9/Bit 8 - DCO Source Select 1/DCO Source Select 0 

DCO can be used to output two error signals genera ted by the 'ACT8999: IRERR (see Table 3) and SRERR 
(se e Table 8) . Bits 9 and 8 can be set to output IRERR via DCO on the falling edge of TCK in the Pause-IR state 
and SRERR via DCO on the falling edge of TCK in the Pause-DR state. DCO also can be configured to become 
active when the value of the counter is 00000000, to follow DCI, or be set to a static high or low level (reset 
condition = static high level). 

Bit 7 - Parity Mask 

The internal error signals can be masked from appearing on DCO even if bits 9 and 8 are s et such th at IRERR 
and SRERR are output in the Pause-IR and Pause-DR states (reset condition = do not mask IRERR or SRERR). 

Bit 6 - DCO Drive Select 

DCO can be configured as either an open-drain or 3-state output (reset condition = open drain). The open-drain 
configuration allows multiple DCO outputs to be used in a wired-OR or wired-AND application. The 3-state 
configuration allows the DCO output to be connected to a bus. 

Bit 5 - DCO Enable 

When configured as a 3-state output, DCO can be placed in the high-impedance state 
(reset condition = disabled). If configured as an open-drain output and disabled, DCO outputs a high level. 

Bit 4 - DCI Polarity Select 

DCI can be configured as an active-low or active-high input (reset condition = active low). 

Bit 3 - Device Test Pins Output Enable (active low) 

DTCK, DTDO, and DTMS(1-4) pins can be placed in the high-impedance state (disabled) with this bit 
(reset condition = enabled). 

Bit 2 -ID Bus Enable 

The ID bus (ID1-8) is a bidirectional bus. The output buffers are enabled and disabled with this bit 
(reset condition = output buffers disabled). 

Bit 1 - Remote-Bus-Controller (RBC) Enable 

An RBC can issue protocol and data instructions to the select register if the 'ACT8999 is configured to allow 
it (reset condition = RBC disabled). When an RBC is enabled, the TAP in the select register operates according 
to the OTMS signal. 

Bit 0 - Device Test Reset 

DTRST can be configured to output a reset signal independently of the level on TRST (reset condition = no reset 
signal issued). 

Several control-register bits affect the functionality of the DCO output. The DCO function table is given 
in Table 6. Figure 3 shows the order of scan for the control register. 



TDI 
or 
DTDI 



Bit 12 
(MSB) 


-> 


Bit 11 


-► 


Bit 10 


-> 


Bit 9 


♦ 


Bit 8 


-» 


Bit 7 




Bit 6 




Bit 5 


•¥ 


Bit 4 




Bit 3 


-> 


Bit 2 




Bit 1 


■» 


BItO 
(LSB) 



Figure 3. Control-Register Bits and Order of Scan 
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Table 6. DCO Function Table 



DCI 


INTERNAL SIGNALSt 


CONTROL REGISTER BITS* 


DCO 


IRERR 


SRERR 


CE 


BIT 10 


BIT 9 


BIT 8 


BIT 7 


BIT 6 BIT 5 


BIT 4 


X 


X 


X 


X 


X 


X 


X 


X 


0 0 


X 


H 


X 


X 


X 


X 


X 


X 


X 


X 


1 0 


X 


z 


X 


X 


X 


X 


0 


0 


0 


X 


X 1 


X 


H 


X 


X 


X 


X 


1 


0 


0 


X 


X 1 


X 


L 


X 


X 


X 


X 


0 


0 


1 


1 


X 1 


X 


H 


X 


X 


X 


X 


1 


0 


1 


1 


X 1 


X 


L 


X 


0 


X 


X 


0 


0 


1 


0 


X 1 


X 


L in Pause-IR§, H otherwise 


X 


X 


0 


X 


0 


0 


1 


0 


X 1 


X 


L in Pause-DR§, H otherwise 


X 


1 1 X 


0 


0 


1 


0 


X 1 


X 


H 


X 


0 


X 


X 


1 


0 


1 


0 


X 1 


X 


H in Pause-IR§, L otherwise 


X 


X 


0 


X 


1 


o 


1 


o 


X 1 


x 


H in Pause-DR§, L otherwise 


X 


1 1 X 


■| 


o 


— - — 


o 


X 1 


x 


L 


X 


X 


X 


0 


o 




o 


x 


X 1 


x 


L 


X 


X 


X 


0 


•) 


— - — 


o 


x 


X 1 


x 


H 


X 


X 


X 


1 


0 


1 


0 


X 


X 1 


X 


H 


X 


X 


X 


1 


1 




0 


X 


X 1 


X 


L 


L 


X 


X 


X 


1 




1 


X 


X 1 


0 


H 


L 


X 


X 


X 


1 




1 


X 


X 1 


1 


L 


L 


X 


X 


X 


0 




1 


X 


X 1 


0 


L 


L 


X 


X 


X 


0 




1 


X 


X 1 


1 


H 


H 


X 


X 


X 


1 




1 


X 


X 1 


0 


L 


H 


X 


X 


X 


1 




1 


X 


X 1 


1 


H 


H 


X 


X 


X 


0 




1 


X 


X 1 


0 


H 


H 


X 


X 


X 


0 




1 


X 


X 1 


1 


L 



t These signals are generated as described elsewhere in this data sheet. 

tThe control register must contain these values after the TAP has passed through its most recent Update-DR state. 
§ DCO becomes active on the falling edge of TCK as the TAP enters the appropriate pause state (Pause-IR or Pause-DR) and becomes inactive 
on the falling edge of TCK as the TAP enters the appropriate exit2 state (Exit2-IR or Exit2-DR). 



select register description 



The select register (SR) is an 8-bit serial register that determines which one, if any, of the DTMS lines follows 
the TMS or OTMS input. A reset operation forces all bits to a logic 0. The register is divided into four 2-bit 
sections, each of which controls one DTMS output. Figure 4 shows the mapping of the bits to the DTMS outputs 
and the order of scan. For each DTMS pin, the higher-order bit is the MSB and the lower-order bit is the LSB 
(e.g., bit 3 is the MSB of DTMS2 and bit 2 is the LSB of DTMS2). 



TDI or DTDI 




Bit 3 ► Bit 2 1 \ Bit 1 j » | ( gsB) | * 



TDO 



DTMS4 



DTMS3 



DTMS2 



— v — 

DTMS1 



Figure 4. Select Register Bits and Order of Scan 
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select register description (continued) 

Only one of the four DTMS outputs can be selecte d to drive a secondary scan path with TMS or OTMS. If the 
SR is loaded with an invalid val ue, an er ror signal (SRERR) is generated internally as shown in Table 8. If the 
TAP enters the Pause-DR state, SRERR may be output via DCO (see Table 8). If the TAP enters the Update-DR 
state while an invalid value is in the SR, all four DTMS outputs are set to a high level. 

When a new 8-bit value is loaded into the SR, the configuration of one or more DTMS pins may change. If the 
new value of the SR configures a DTMS pin to a static (high or low) level, it assumes that level on the falling 
edge of TCK in the Update-DR TAP state. This condition is independent of any previous SR configurations. If 
the new value of the SR forces a DTMS pin to follow TMS (i.e., select a single secondary scan path) and a DTMS 
pin is currently in the TMS/OTMS-follow mode, the transfer of the DTMS line occurs on the falling edge of TCK 
in the Update-DR TAP state. However, if the new configuration forces a DTMS pin to follow TMS/OTMS while 
no other DTMS pin is selected, the DTMS pin does begin following TMS/OTMS until the falling edge of TCK 
in the Run-Test/Idle TAP state; therefore, when an SSP is initially selected, the TAP state should travel from 
Update-DR to Run-Test/ldle, not from Update-DR to Select-DR-Scan. Additionally, when deselecting from any 
DTMS output the TAP state must proceed back through Capture-DR to fully disconnect from SSP operations. 

The SR can also be accessed from an RBC. A test port in the register contains a TAP that can be enabled by 
the control register to monitor the values of TCK and OTMS to perform scan operations on the SR. The SR bit 
decoding is shown in Table 7. 

Table 7. Select-Register Bit Decoding 



MSB LSB 


DTMS 
SOURCE 


0 0 


H 


0 1 


L 


1 0 


OTMS 


1 1 


TMS 



Table 8. SRERR Function Table 



SELECT REGISTER BITS 




BIT 7 


BIT 6 


BIT 5 


BIT 4 


BIT 3 


BIT 2 


BIT1 


BITO 


SRERR 


0 


X 


0 


X 


0 


X 


0 


X 




1 


X 


0 


X 


0 


X 


0 


X 




0 


X 


1 


X 


0 


X 


0 


X 




0 


X 


0 


X 


1 


X 


0 


X 




0 


X 


0 


X 


0 


X 


1 


X 




1 


X 


1 


X 


X 


X 


X 


X 


0 


1 


X 


X 


X 


1 


X 


X 


X 


0 


1 


X 


X 


X 


X 


X 


1 


X 


0 


X 


X 


1 


X 


1 


X 


X 


X 


0 


X 


X 


1 


X 


X 


X 


1 


X 


0 


X 


X 


X 


X 


1 


X 


1 


X 


0 
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boundary-scan register/ID-bus register description 

The boundary-scan register (BSR) is a 15-bit serial register that can be used to capture data appearing at 
selected device inputs, force data through device outputs, and apply data to the device's internal logic. The BSR 
is made up of boundary-scan cells (BSCs). Table 9 lists the device signal for each of the 1 5 BSCs that comprise 
the BSR. A reset operation does not affect the contents of the BSR. 

Table 9. Boundary-Scan Register Bit Mapping 



BIT 


TEDIUM A 1 

1 LUMINAL 

NAME 


SIGNAL DESCRIPTION 


14 


MCI 


Master condition in 


13 


MCO 


Master condition out 


12 


DCI 


Device condition in 


11 


DCOTSt 


Enable control for DCO in 3-state configuration (active low) 


10 


DCOODT 


Enable control for DCO in open-drain configuration (active low) 


9 


DCO 


Device condition out 


8 


IDBOEt 


Enable control for ID bus (active low) 


7 


ID8 


Identification bus bit 8 


6 


ID7 


Identification bus bit 7 


5 


ID6 


Identification bus bit 6 


4 


ID5 


Identification bus bit 5 


3 


ID4 


Identification bus bit 4 


2 


ID3 


Identification bus bit 3 


1 


ID2 


Identification bus bit 2 


0 


ID1 


Identification bus bit 1 



TThis internal signal cannot be observed from the I/O pins of the device. 

The eight BSCs connected to the ID(1— 8) pins form a subset of the BSR called the ID-bus register (IDBR). The 
IDBR can be scanned without accessing the remaining BSCs of the BSR. The IDBR is used when the ID bus 
is enabled to allow communication between a PBC and one or more RBCs. Figure 5 shows the order of scan 
for the BSR and IDBR. 



™ * |(MSB)| ► jeit 13 j Bit 12 j > j Bit 11 1 ► Bit 10 » | Bit 9 



Bit 8 



TDO 



< iff^j * 1 Bit 1 j Bit 2 | j Blt3 4 j Bit 4 | < Bit 5 4 Bit 6 



Bit 5 




Bit 6 




Bit 7 


4 


< 



TDI 
or 

DTDI 



> BSR 



IDBR 



Figure 5. Boundary-Scan Register Bits and Order of Scan 



Texas 
Instruments 

8-1 32 POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 



SN54ACT8999, SN74ACT8999 
SCAN-PATH SELECTORS WITH 8-BIT BIDIRECTIONAL DATA BUSES 
SCAN-CONTROLLED IEEE STD 1149.1 (JTAG) TAP MULTIPLEXERS 

SCAS158D- JUNE 1990 - REVISED DECEMBER 1996 



bypass register description 

The bypass register (BR) is a 1-bit serial register. The function of the BR is to provide a means of effectively 
removing the 'ACT8999 from the primary scan path when it is not needed for the current test operation or other 
function of the PBC. A selected secondary scan path remains active in the primary scan path as described in 
the data flow description. At power up, the BR is placed in the scan path. Figure 6 shows the order of scan for 
the bypass register. 



TDI or DTDI » j Bit 0 | ► TDO 

Figure 6. Bypass-Register Bit and Order of Scan 



counter register description 

The counter register (CNTR) is an 8-bit serial register and an associated 8-bit parallel-load up/down counter. 
A reset operation forces all bits of the shift register to logic 0 but does not affect the counter. The counter can 
be preloaded with an initial value before counting begins, and the current value of the counter can be scanned 
out via the shift register. The CNTR can be used to count events occurring on the secondary scan path(s) using 
DCI as a counter clock and can output interrupt signals via DCO when the count has reached its end value. 

An internal signal, CE, is generated as a logic 0 when the count reaches its end value (i.e., 00000000 for count 
down, 1 1 1 1 1 1 1 1 for count up). For any other count value, CE is a logic 1 . Many of the features of the CNTR are 
configured by a bit in the CTLR, including: 

- Count direction up or down (control register bit 1 2; reset condition count up) 

- Stop counting upon counting down to 00000000 (control register bit 1 1 ; reset condition = do not latch on 
zero) 

- Output CE signals at DCO (control register bits 8 and 9; reset condition = do not output CE at DCO) 

- Edge of DCI on which to trigger (control register bit 4, reset condition = positive edge) 
Figure 7 shows the order of scan for the CNTR. 




Figure 7. Counter-Register Bits and Order of Scan 
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enabling a remote bus controller 

Bit 1 in the control register allows a remote bus controller to control parts of the 'ACT8999. When an RBC is 
enabled, the remote test port (RTP) in the select register is activated. The RTP operates according to the same 
state diagram as the primary test port but only has access to the select register. Operation of the RTP is 
synchronous to TCK. OTMS Is the RTP mode-select pin. 

The RTP contains an 8-bit instruction register. Data is shifted in via DTDI and shifted out via DTDO. As shown 
in Table 1 0, only one instruction selects something other than the bypass register to be included in the scan path. 
When SCANSEL is executed, the select register is placed between DTDI and DTDO. The function of the select 
register and the decoding of the select register bits by the TMS circuit is identical, regardless of which test port 
accesses the register. 



Table 10. Remote-Test-Port Instruction-Register Opcodes 



BINARY CODE 
BIT 7 -> BIT 0 
MSB -> LSB 


SCOPE 
OPCODE 


DESCRIPTION 


SELECTED 
DATA REGISTER 


01111110 


SCANSEL 


Select-register scan 


Select 


All other 


BYPASS 


Bypass scan 


Bypass 



An internal error signal (RS RERR) is g enerated if an RBC loads an invalid value in the select register, and the 
MCO ou tput goes low if the RSRERR is active and the remote TAP enters the Pause-DR state. The function 
table for RSRERR is shown in Table 11. 



Table 11. RSRERR Function Table 



SELECT REGISTER BITS 


RSRERR 


MCOt 


BIT 7 


BIT 6 


BIT 5 


BIT 4 


BIT 3 


BIT 2 


BIT1 


BIT0 




0 


X 


0 


X 


0 


X 


0 


X 




MCI 


1 


X 


0 


X 


0 


X 


0 


X 




MCI 


0 


X 


1 


X 


0 


X 


0 


X 




MCI 


0 


X 


0 


X 


1 


X 


0 


X 




MCI 


0 


X 


0 


X 


0 


X 


1 


X 




MCI 


1 


X 


1 


X 


X 


X 


X 


X 


0 


L 


1 


X 


X 


X 


1 


X 


X 


X 


0 


L 


1 


X 


X 


X 


X 


X 


1 


X 


0 


L 


X 


X 


1 


X 


1 


X 


X 


X 


0 


L 


X 


X 


1 


X 


X 


X 


1 


X 


0 


L 


X 


X 


X 


X 


1 


X 


1 


X 


0 


L 



t This table is valid only when the remote TAP is in the Pause-DR state. Under any other condition, 
MCO = MCI. 



The RTP does not have access to the control register, so it cannot disable itself. The PBC must reset bit 1 in 
the control register to return control of the select register to the primary test port. 
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data flow description 

The direction of serial data flow in the 'ACT8999 is dependent on the current instruction. Figure 8 shows the 
data flow for the different operating modes of the device. When a secondary scan path is selected, the 'ACT8999 
adds one bit of delay from TDI to DTDO. 

■ACT8999 



* TDI Selected DR TD0 ► 



RBC DISABLED, NO SECONDARY SCAN PATH SELECTED 



•ACT8999 Selected Scan Path 'ACT8999 





TDI (1 -bit delay) DTDO 




TDI TDO 


► 


IR or ___ 
Selected DR TD0 


► 


► 


► 







RBC DISABLED, ONE SECONDARY SCAN PATH SELECTED 



'ACT8999 



Remote Bus Controller 



Seloctod Scan Path 



DTDI Secondary IR DJD0 
or Select Register 



TDI 



IRor 
Selected DR 



TDO 



TDI 



TDO 



TDI 



TDO 



RBC ENABLED 

Figure 8. Data Flow in the 'ACT8999 



bus-communication protocol 

The 8-bit identification bus [ID(1— 8)] allows data transfer between a PBC and an RBC. Control register bit 2 
configures the 'ACT8999 to transmit or receive command and test data via the IDBR. The DCI, DCO, MCI, and 
MCO pins are used to signal the PBC and RBC(s) that a data transfer is required. The 'ACT8999 can 
accommodate either local or global handshake protocol, depending on the number of DCO inputs that the PBC 
can accommodate. 

Figure 9 shows a protocol for local communication between the PBC and an RBC. In this mode, communication 
is initiated by the PBC by driving the MCI input of the 'ACT8999 to a low level. MCI is buffered and output on 
MCO, which notifies the RBC that control of a scan path is to be relinquished. Prior to activating the MCI signal, 
the PBC scans the value 00000000 into the IDBR and enables the output buffers of ID(1-8). When the RBC 
recognizes that MCO has gone low, it samples the ID bus and looks for the 00000000 value to verify that the 
PBC is going to issue further commands. Upon verifying the value on the ID bus, the RBC drives DCI low, which 
is buffered and output via DCO. (In this example, DCI is configured as noninverting and DCO is configured as 
active low). When the PBC sees that DCO is active, it takes MCI high, forcing MCO high. When the RBC sees 
that MCO is high, it takes DCO high (inactive) completing one handshake cycle. A similar operation can ensue 
when the RBC initiates communication with the PBC as shown in Figure 9. Commands and test data can be 
exchanged between two bus controllers via the ID bus. 

Figure 1 0 shows one way of using the ID bus to interface a PBC to multiple RBCs. The timing is similar to the 
local communication example in Figure 9, except that the PBC waits for all RBCs to acknowledge transmissions 
before switching MCI. 
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ID(1-6) IDCODE X 00000000 XcOMMAND^( ~X ^ 00000000 ^ IDCODe" 



MCI 



DCO 



LOCAL PBC-TO-RBC HANDSHAKE PROTOCOL 



ID(1-B) IDCODE X 00000000 X C0MMAN °X 00000000 ^ IDCODE 



DCI 



MCO 



LOCAL RBC-TO-PBC HANDSHAKE PROTOCOL 

Figure 9. Local Bus-Communication Protocol 



ID(1-8) IDCODE X 00000000 X C0MMAND X X "X 00000OOo""X IDCODE 



MCI 



DC01 



DC02 



DCOn 



LI — U — LT 



U U IT 

BC-TO-RBC HANC 

ID(1-8) IDCODE X 00000000 X C0MMAND X X "X 00000000^( IDCODE 



GLOBAL PBC-TO-RBC HANDSHAKE PROTOCOL 



DCI1 
DCI2 
DCIn 
MCO 



u — u — u 

i u — u 

u u — u — u — u 

GLOBAL RBC-TO-PBC HANDSHAKE PROTOCOL 

Figure 10. Global Bus-Communication Protocol 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vcc -0-5 V to 7 V 

Input voltage range, V| (see Note 1) -0.5 V to Vcc + °- 5 v 

Output voltage range, Vq (see Note 1 ) -0.5 V to Vcc + °- 5 v 

Input clamp current, I|k (V| < 0 or V| > Vcc) ±2° mA 

Output clamp current, Iok ( v l < 0 or V| > Vcc) ^ mA 

Continuous output current, lo (Vo = 0 to Vcc) ^ mA 

Maximum power dissipation at Ta = 55°C (in still air) (see Note 2): DW package 1 .7 W 

NT package 1 .3 W 

Storage temperature range, T s t g -65°C to 150°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 
NOTES: 1 . The input and output voltage rating may be exceeded if the input and output clamp-current rating are observed. 

2. The maximum package power dissipation is calculated using a junction temperature of 1 50°C and a board trace length of 750 mils, 
except for the NT package, which has trace length of zero. For more information, refer to the Package Thermal Considerations 
application note in the ABT Advanced BiCMOS Technology Data Book, literature number SCBD002. 



recommended operating conditions 









SN54ACT8999 


SN74ACT8999 


UNIT 








MIN 


MAX 


MIN MAX 


vcc 


Supply voltage 




4.5 


5.5 


4.5 5.5 


V 


V|H 


High-level input voltage 




2 


2 


V 


VlL 


Low-level input voltage 




0.8 


0.8 


V 


V| 


Input voltage 




0 


vcc 


o v C c 


V 


v 0 


Output voltage 




0 


vcc 


0 V C C 


V 






ID(1-8) 


-1.5 


-2 




'OH 


High-level output current 


TDO, DTDO, MCO 


-7 


-10 


mA 






DTMS(1-4), DCO (3 state), DTRST, DTCK 


-11 


-16 








ID(1-6) 


1.5 


2 








TDO, DTDO, MCO 


7 


10 




'OL 


Low-level output current 


DTMS(1-4), DCO (3 state or open drain) 


11 


16 


mA 






DTRST 


16 


24 








DTCK 


32 


48 




ta 


Operating free-air temperature 




-55 


125 


0 70 


°C 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


vcc 


SN54ACT8999 


SN74ACT8999 


UNIT 


MIN MAX 


MIN TYPt MAX 


VOH 


ID(1— 8) 


Iqh = -1-5 mA 


4.5 V 


3.6 




V 


Iqh = -2 mA 


4.5 V 




3.7 


TDO, DTDO, MCO 


Iqh = -7 mA 


4.5 V 


3.6 




Iqh = -10 mA 


4.5 V 




3.7 


U 1 IVIO^ l~*t) t uuu \0 oiaW), 


Iqh = -11 mA 


4.5 V 


3.6 




DTRST, DTCK 


Iqh = -16 mA 


4.5 V 




3.7 


vol 


ID(1-8) 


IOL= 1-5 mA 


4.5 V 


0.5 




V 


lOL = 2 mA 


4.5 V 




0.5 


TDO, DTDO, MCO 


lOL B 7 mA 


4.0 V 


U.D 




I , 1ft m A 
IQL 1 U II1M 


*f.O V 




U.O 


DTMS(1-4), DCO 
(3 state or open drain) 


IQL ' ' lllrt 


4 5V 


0 5 




IQL ss ID II IM 






U.O 




IQL w I D ITlrt 


4 R \/ 


u.o 




DTRST 


I a i DA mA 
IQL 85 Hlrt 


4 5V 






DTCK 


IqL » 32 mA 


4.5 V 


0.5 




'OL = 48 mA 


4.5 V 




0.5 


ioz* 


ID(1-8), DTDO, DTMS(1-4), 
DCO, DTCK 


v O = V CC or GND 


5.5 V 


±10 


±5 


HA 


'oh 


DCO (open drain) 




5.5 V 


20 


10 


HA 


ii 


MCI, DCI, TCK 


V| = V C C or GND 


5.5 V 


±1 


±1 


HA 


TDI, DTD I, TMS, OTMS, TRST 


V| = V CC 


5.5 V 


±1 


±1 


V| = GND 


5.5 V 


-0.1 -20 


-0.1 -0.1 -20 


'cc 


V| = V C C or GND, lo = 0 


5.5 V 


100 


100 


HA 


Alcc § 


One input at V| = 3.4 V, 
Other inputs at Vcc or GND 


5.5 V 


1 


1 


mA 


Cj 


V| = Vcc or GND 






6 


PF 


Cj 0 


Vo - Vcc or GN° 






15 


PF 


Co 


MCI, DCI, TCK 


Vo = Vcc or GND 






15 


PF 


Co 


DCO 


Vq = Vcc or GND 






10 


PF 



t Typical values are at Vqc » 5 V. 

$ For I/O, the parameter Iqz includes the input-leakage current. For DCO, the parameter Iqz includes the open-drain output-leakage current. 
§ This is the increase in supply current for each input being driven at TTL levels rather than Vcc or GND. 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (see Figures 11 and 12) 





SN54ACT8999 


SN74ACT8999 


UNIT 


MIN MAX 


MIN MAX 


fclock Clock frequency 


TCK 


0 20 


0 20 


MHz 


DCI (count mode) 


0 20 


0 20 


t w Pulse duration 


TCK high or low 


16 


16 


ns 


DCI high or low (count mode) 


9 


9 


TRSTlow 


10 


10 


t su Setup time 


TMS before TCKt 


9 


9 


ns 


OTMS before TCK? 


12 


12 


TDI before TCKT 


11 


11 


DTD I before TCKt 


5 


5 


MCI before TCKT 


5 


5 


DCI before TCKt 


9 


9 


Any ID before TCK? 


3 


3 


t n Hold time 


TMS after TCK? 


2 


2 


ns 


OTMS after TCKt 


2 


2 


TDI after TCKT 


4 


4 


DTDI after TCKT 


4 


4 


MCI after TCKT 


5 


5 


DCI after TCKT 


5 


5 


Any ID after TCKT 


5 


5 


t(j Delay time 


Power up to TCKT 


100* 


100 


ns 



* On products compliant to MIL-PRF-38535, this parameter is not production tested. 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (see Figures 11 and 12) 



PARAMETER 


FROM 


TO 


SN54ACT8999 


SN74ACT8999 


UNIT 


(INPUT) 


(OUTPUT) 


MIN 


MAX 


MIN 


MAX 




TCK 




20 


20 


MHz 


'max 


DCI (count mode) 




20 


20 


tpLH 


TCK 


DTCK 


3 


16 


3 


14 


ns 


tpHL 


3 


19 


3 


17 


tpi_H 


TCK4- 


TDO 


7 


30 


7 


28 


ns 


tpHL 


7 


29 


8 


27 


tpi_H 


TCKJ- 


DTDO 


7 


31 


7 


29 


ns 


tPHL 


7 


29 


8 


27 


tpm 


TCK4- 


Any DTMS 


11 


40 


11 


38 


ns 


tPHL 


11 


37 


11 


35 


tPLH 


TCK1 




9 


35 


10 


33 


ns 


tPHL 


DTRST 


9 


35 


10 


33 


l PLH 


TCKJ- 


Any ID 


20 


64 


22 


61 


ns 


l PHL 


22 


65 


24 


62 


*PLH 


TCKd- 


MCO 


9 


34 


9 


32 


ns 


tPHL 


9 31 


9 


29 


tPLH 




DCO (open drain) 


14 


45 


18 


42 




TCKl 


DCO (3 state) 


10 


40 


11 


38 


ns 


tPHL 


DCO (open drain) 


10 


39 


11 


37 




DCO (3 state) 


10 


37 


11 


35 




tp|_H 


TMS 


Any DTMS 


5 


22 


6 


20 


ns 


tpHL 


4 


23 


5 


21 


tPLH 


OTMS 


Any DTMS 


5 


22 


6 


20 


ns 


tPHL 


4 


23 


5 


21 


tPLH 


MCI 


MCO 


7 


26 


8 


24 


ns 


tPHL 


6 


25 


7 


23 


tPLH 




DCO (open drain) 


8 


32 


9 


30 




DCI 


DCO (3 state) 


8 


30 


10 


28 


ns 


l PHL 


DCO (open drain) 


8 


34 


9 


32 




DCO (3 state) 


8 


30 


9 


28 




*PLH 


TRST 


DTRST 


4 


20 


5 


18 


ns 


'PHL 


5 


25 


6 


23 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (see Figures 11 and 12) (continued) 



PARAMETER 


FROM 


TO 


SN54ACT8999 


SN74ACT8999 


UNIT 


(INPUT) 


(OUTPUT) 


MIN 


MAY 


MIN 
IYIIPI 


MAY 
lYlM A 


; 

'PHZ 


TCKl 


TDO 


0 


17 


A 


1 O 


ns 


'PLZ 


o 

o 


1 ft 


C 
O 


1 R 


tPHZ 


TCKl 


DTDO 


o 
o 


■i Q 
1 O 


O 
O 


1 A 
10 


ns 


tp|_Z 


7 


26 


~7 
1 


OA 


'PHZ 


TCKl 


Any DTMS 


7 


26 


Q 
O 


OA 
dA 


ns 


tPLZ 


7 


28 




Oft 
do 


tPHZ 


TCKl 


DCO 


9 


28 


■1 O 


OR 

do 


ns 


tpi_z 


7 


31 


-7 

1 


on 


'PHZ 


TCKl 


Any ID 


12 


38 


1 A 


ir 


ns 


tpLZ 


9 


34 


m 
I u 


Od 


'PHZ 


DCI 


Any ID 


8 


27 


Q 


d.O 


ns 


tPLZ 


10 


33 


15 


31 


'PZH 


TCKl 


TDO 


9 


35 


g 


33 


ns 


tPZL 


9 36 


11 


34 


tD7UI 


TCKl 


DTDO 


10 


39 


11 


37 


ns 


tpZL 


10 


40 


12 


38 


tpZH 


TCKl 


Any DTMS 


8 34 


9 


32 


ns 


IPZL 


8 34 


9 


32 


tpZH 


TCKl 


DCO 


12 


46 


14 


43 


ns 


tpZL 


10 


38 


11 


36 


tpZH 


TCKl 


Any ID 


20 


73 


22 


70 


ns 


tpZL 


22 


58 


24 


65 


tpZH 


MCI 


Any ID 


18 


65 


20 


62 


ns 


tpZL 


20 


62 


20 


59 
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APPLICATION INFORMATION 



Subsystem 



RBC 



INT3 
TDI 
INT2 
TMSOUT 
ID 



TRST 
TDI 



SSP4 



TDO 
TCK 
TMS 



TRST 
TDI 



SSP3 



TDO 
TCK 
TMS 



TRST 
TDI 



SSP2 



TDO 
TCK 
TMS 



TRST 
TDI 



SSP1 



TDO 
TCK 
TMS 



DCI 

DTDO 

MCO 

OTMS 

ID(1-8) 



■ACT8999 



O 

Q U 
t- a 



CO ^ _ 

zoo 
I- t- s 





TDO 




INTI 




RSTOUT 


PBC 


TMSOUT 




TCKOUT 




INT2 




TDI 



To Remainder 
> of Primary 
Scan Path 
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PARAMETER MEASUREMENT INFORMATION 

„ 2xV CC 



500 CI 
-VW- 



500 n 



J^/ O Open 



GND 



TEST 


S1 


tPLH'tPHL 
tpL2 /l PZL 
tPHZ'tpZH 


Open 

2xV C c 
GND 



LOAD CIRCUIT 




VOLTAGE WAVEFORMS 
PULSE DURATION 



Timing Input 



Data Input 




^/l.5V ^1-5V 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



Input 



In-Phase 
Output 



Out-of-Phase 
Output 



1.5 V 



■w 



3V 
0V 



tpLH -j« *| ^ if" tpHL 

| \j 1 H V 0H 

I /50%V C C \ 50%V C C 

] r—' , > vol 

tPHL H t\ 1 4 *\ tpLH 

vl Iv v 0H 

\ 50% V C C / 50% V C C 

N L vol 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 



Output 
Control 
(low-level 
enabling) 

Output 
Waveform 1 
S1 at2xV C c 
(see Note B) 

Output 
Waveform 2 
S1 at GND 
(see Note B) 



tPZL 



1.5 V 



J™. 



i 

! tPLZ"^ |«- 

\50% Vcci 

k w 4 20%_ycc_ 



■3V 
0V 

~V CC 

vol 



| tpHZ-#| 
tpZH -*| |«- 

' > TT ---- V 0H 



/50%V C C \^° %V CC" 



ov 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 



NOTES: A. C[_ includes probe and jig capacitance. 

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

C. All input pulses are supplied by generators having the following characteristics: PRR <, 10 MHz, Zq = 50 CI, t r = 3 ns, tf = 3 ns. 
For testing pulse duration: t r - 1 to 3 ns, tf = 1 to 3 ns. Pulse polarity may be either high-to-low-to-high or a low-to-high-to-low. 

D. The outputs are measured one at a time with one input transition per measurement. 



Figure 11. Load Circuit and Voltage Waveforms (For All Pins Except ID-Bus Pins) 
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PARAMETER MEASUREMENT INFORMATION 

r, VCC 



From Output 
Under Test 



C L = 50 pF ^ 
(see Note A) 



1kQ 

AW 



si/ o 



Open 
GND 



TEST 


S1 


tPLH'tPHL 
tPLZ'tPZL 
tPHZ'tPZH 


Open 

v cc 

GND 



LOAD CIRCUIT 



Input 



— v v — 



VOLTAGE WAVEFORMS 
PULSE DURATION 



3V 



0V 



Timing Input 



Data Input 




VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



Input 



In-Phase 
Output 



Out-of-Phase 
Output 




VOH 
50% Vcc 

vql 



VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 



Output 
Control 
(low-level 
enabling) 

Output 
Waveform 1 
S1 at 2 x Vcc 
(see Note B) 

Output 
Waveform 2 
S1 at GND 
(see Note B) 



tPZL 



1.5 V 



tpZH -*J 



\ 50%v cq ¥ Cv, 



•3V 
0V 

«Vcc 



^Vcc_ VoL 



| tpRZ-H j«- 
f*~~ I 



y5o%v cc \™ 



90% Vcc V ° H 



0V 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 



NOTES: A. C|_ includes probe and jig capacitance. 

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

C. All input pulses are supplied by generators having the following characteristics: PRR < 10 MHz, Zo = 50 fi, t r = 3 ns, tf = 3 ns. 
For testing pulse duration: t r = 1 to 3 ns, tj = 1 to 3 ns. Pulse polarity may be either high-to-low-to-high or a low-to-high-to-low. 

D. The outputs are measured one at a time with one input transition per measurement. 



Figure 12. Load Circuit and Voltage Waveforms (ID-Bus Pins) 
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General Information 



1 



SN54/74BCT Octals 



SN54/74ABTOctaiS 



SN54/74ABT Widebus™ With Dual-Sided Terminals 
SN54/74ABT Widebus™ With Quad-Sided Terminals 
SN54/74LVT Widebus™ With Dual-Sided Terminals 
SN54/74LVT Widebus™ With Quad-Sided Terminals 



Scan-Support Functions 



Mechanical Data 



Technical Information 
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ORDERING INSTRUCTIONS 



Electrical characteristics presented in this data book, unless otherwise noted, apply for the circuit type(s) listed in the 
page heading regardless of package. The availability of a circuit function in a particular package is denoted by an 
alphabetical reference above the pin-connection diagram(s). These alphabetical references refer to mechanical 
outline drawings shown in this section. 

Factory orders for circuits described in this data book should include a four-part type number as explained in the 
following example. 

EXAMPLE: SN 74BCT8240A DW R 

Prefix 

SN = Standard prefix 
SNJ = MIL-PRF-38535 (QML) qualified 

Unique Circuit Description 

MUST CONTAIN NINE TO THIRTEEN CHARACTERS 
Examples: 74ACT8990 

74LVTH18504A 
74ABTH182502A 

Package 

MUST CONTAIN ONE TO THREE LETTERS 

DW = plastic small-outline package 

DL = plastic shrink small-outline package 

DGG, PW = plastic thin shrink small-outline package 

FK = leadless ceramic chip carrier 

FN = plastic J-leaded chip carrier 

GA-GB = ceramic pin grid array 

HKC = ceramic dual flat package 

HV = ceramic quad flat package 

JT = ceramic dual-in-line package 

NT = plastic dual-in-line package 

PM = plastic thin quad flat package 

WD = ceramic dual flat package 

(from pin-connection diagram on individual data sheet) 

Tape and Reel Packaging 

Valid for surface-mount packages only. All orders for tape and reel must be for whole reels. 

MUST CONTAIN ONE OR TWO LETTERS 

LE = Left embossed tape and reel (required for PW packages) 
R = Standard tape and reel (required for DGG; optional for DL and DW packages) 
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MECHANICAL DATA 



DGG (R-PDSO-G**) 

48 PIN SHOWN 



PLASTIC SMALL-OUTLINE PACKAGE 



48 



HHHHHHH 



o 



25 



6,40 8,40 
6,00 7,80 



24 



^OiUiUlilUllUUlliiiliiliUUlUiiliillUuS 



^\P|NS " 
DIM 


48 


56 


64 


A MAX 


12,60 


14,10 


17,10 


AMIN 


12,40 


13,90 


16,90 



0,15 NOM 

L 



L_ 1,20 MAX 



0,05 MIN 




t|t Seating Plane 



4040078/ C 10/95 



NOTES: A. All linear dimensions are in millimeters. 

B. This drawing is subject to change without notice. 

C. Falls within JEDECMO-153 
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MECHANICAL DATA 



DL (R-PDSO-G**) 

48 PIN SHOWN 



PLASTIC SMALL-OUTLINE PACKAGE 



48 



o 



0.025 (0,635) 



0.012(0,305) 



0.008 (0,203) 



|-$-| 0.005(0,13) ©| 
25 



^\PINS ** 
DIM 


28 


48 


56 


A MAX 


0.380 
(9,65) 


0.630 
(16,00) 


0.730 
(18,54) 


AMIN 


0.370 
(9,40) 


0.620 
(15,75) 


0.720 
(18,29) 



24 



0.299 (7,59) 



0.291 (7,39) 



0.006 (0,15) NOM 



0.420(10,67) 
0.395 (10,03) 




0°-8° 



0.010(0,25) 

0.040 (1,02) 
0.020 (0,51) 




0.110 (2,79) MAX 



0.008 (0,20) MIN 



_1 



S eating Plane 1 ( ^ 
(0,10) ]— J 



^ 0.004 




4040048/ B 02/95 



NOTES: A. All linear dimensions are in inches (millimeters). 

B. This drawing is subject to change without notice. 

C. Body dimensions do not include mold flash or protrusion not to exceed 0.006 (0,15). 
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MECHANICAL DATA 



DW (R-PDSO-G**) 

16 PIN SHOWN 



PLASTIC SMALL-OUTLINE PACKAGE 



16 



a 



0.050 (1,27) 



0.020(0,51) 
0.014(0,35) 



LEU 



|-$-| 0.010(0,25) (M)| 



"^^PINS" 


16 


20 


24 


28 


A MAX 


0.410 
(10,41) 


0.510 
(12,95) 


0.610 
(15,49) 


0.710 
(18,03) 


A MIN 


0.400 
(10,16) 


0.500 
(12,70) 


0.600 
(15,24) 


0.700 
(17,78) 



0.419(10,65) 
0.400 (10,15) 



0.299 (7,59) 
0.293 (7,45) 



0.010 (0,25) NOM 




0.016(0,40) 




4040000/ B 03/95 



NOTES: A. All linear dimensions are in inches (millimeters). 

B. This drawing is subject to change without notice. 

C. Body dimensions do not include mold flash or protrusion not to exceed 0.006 (0,15). 

D. Falls within JEDECMS-013 
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MECHANICAL DATA 



FK (S-CQCC-N**) 
28 TERMINAL SHOWN 



LEADLESS CERAMIC CHIP CARRIER 



BSQ 



ASQ 



0.055 (1,40) 
0.045 (1,14) 



18 17 16 15 14 13 12 



0.028 



in xa\ 



0.022 (0,54) 




NO. OF 
TERMINALS 

** 


A 


B 


MIN 


MAX 


MIN 


MAX 


20 


0.342 
(8,69) 


0.358 
(9,09) 


0.307 
(7,80) 


0.358 
(9,09) 


28 


0.442 
(11,23) 


0.458 
(11,63) 


0.406 
(10,31) 


0.458 
(11.63) 


44 


0.640 
(16,26) 


0.660 
(16,76) 


0.495 
(12,58) 


0.560 
(14,22) 


52 


0.739 
(18,78) 


0.761 
(19.32) 


0.495 
(12,58) 


0.560 
(14,22) 


68 


0.938 
(23,83) 


0.962 
(24,43) 


0.850 
(21,6) 


0.858 
(21,8) 


84 


1.141 
(28,99) 


1.165 
(29,59) 


1.047 
(26,6) 


1.063 
(27,0) 



0.020 (0,51) 
0.010 (0,25) 



4-> 



0.045 (1,14) 
0.035 (0,89) 



0.045(1,14) 
0.035 (0,89) 



0.050 (1,27) 



0.080 (2,03) 
0.064 (1,63) 



40401 40/ D 10/96 



NOTES: A. All linear dimensions are in inches (millimeters). 

B. This drawing is subject to change without notice. 

C. This package can be hermetically sealed with a metal lid. 

D. The terminals are gold plated. 

E. Falls within JEDEC MS-004 
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MECHANICAL DATA 



FN (S-PQCC-J**) 
20 PIN SHOWN 



PLASTIC J-LEADED CHIP CARRIER 



V o 



E E1 £ 



D 
D1 



1 19 



u u u u u 

9 13 



]18 

] 
] 
] 

]14 



D2/E2 




Seating Plane 
£=^\ 0.004(0,10) | 

0.180 (4,57) MAX 
0.120(3,05) 
0.090 (2,29) 
0.020 (0,51) MIN 



D2/E2 



0.008 (0,20) NOM 



0.021 (0,53) 
0.013(0,33) 
|-$-[ 0.007 (0,18) ®\ 



NO. OF 
PINS 

** 


D/E 


D1/E1 


D2/E2 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


20 


0.385 (9,78) 


0.395 (10,03) 


0.350 (8,89) 


0.356 (9,04) 


0.141 (3,58) 


0.169(4,29) 


28 


0.485(12,32) 


0.495 (12,57) 


0.450(11,43) 


0.456 (11,58) 


0.191 (4,85) 


0.219(5,56) 


44 


0.685 (17,40) 


0.695 (17,65) 


0.650(16,51) 


0.656 (16,66) 


0.291 (7,39) 


0.319(8,10) 


52 


0.785 (19,94) 


0.795(20,19) 


0.750 (19,05) 


0.756 (19,20) 


0.341 (8,66) 


0.369 (9,37) 


68 


0.985 (25,02) 


0.995 (25,27) 


0.950(24,13) 


0.958 (24,33) 


0.441 (11,20) 


0.469 (11,91) 


84 


1.185(30,10) 


1.195(30,35) 


1.150(29,21) 


1.158(29,41) 


0.541 (13,74) 


0.569 (14,45) 



4040005/ B 03/95 



NOTES: A. All linear dimensions are in inches (millimeters). 

B. This drawing is subject to change without notice. 

C. Falls within JEDEC MS-018 



^ Texas 
Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 



9-9 



MECHANICAL DATA 



GA-GB (S-CPGA-P11 X 11) 



CERAMIC PIN GRID ARRAY PACKAGE 



A or A1 SQ 



0.050 (1,27) DIA 
4 Places 



0.022(0,55) 
0.016(0,41) 



DIA TYP 



B or B1 -i 



I 



Cord 

0.140 (3,56) 
0.120 (3,05) 



0.100 (2,54) 



1.000 (25,40) TYP 



L 


0 


0 


0 




0 


o 


0 


o 


o 


o 


o 


K 


0 


© 


0 


o 


o 


0 


0 


0 


0 


© 


0 


J 


0 


0 


0 


0 


o 


o 


0 


o 


o 


0 


0 


H 


0 


0 


o 


o 


0 


0 


0 


0 


o 


0 


0 


G 


o 


0 


0 


0 


0 


o 


o 


o 


o 


0 


0 


F 


o 


0 


0 


0 


0 


o 


0 


o 


o 


o 


0 


E 


0 


0 


0 


0 


o 


o 


0 


0 


0 


0 


0 


D 


o 




o 


0 


o 


o 


o 


o 


o 






C 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


B 


0 


® 


o 


0 


0 


0 


0 


0 


0 


© 


0 


A 


0 


0 


0 


0 


0 


0 


0 


o 


0 


0 


0 



123456789 10 11 



DIM 


MIN 


MAX 


Notes 


A 


1.140(28,96) 


1.180 (29,97) 


Large 
Outline 


A1 


1.080(27,43) 


1.135 (28,83) 


Small 
Outline 


B 


0.110(2,79) 


0.205 (5,21) 


Cavity 
Up 


B1 


0.095 (2,41) 


0.205 (5,21) 


Cavity 
Down 


C 


0.040 (1,02) 


0.060(1,52) 


Cavity 
Up 


C1 


0.025 (0,63) 


0.060 (1,52) 


Cavity 
Down 


MAXIMUM PINS WITHIN MATRIX - 121 



4040114-4/C 10/96 



NOTES: A. All linear dimensions are in inches (millimeters). 

B. This drawing is subject to change without notice. 

C. Index mark may appear on top or bottom depending on package vendor. 

D. Pins are located within 0.005 (0,13) radius of true position relative to each other at maximum material condition and within 
0.015 (0,38) radius relative to the center of the ceramic. 

E. This package can be hermetically sealed with metal lids or with ceramic lids using glass frit. 

F. The pins can be gold plated or solder dipped. 

G. Falls within MIL-STD-1835 CMGA3-PN and CMGA15-PN and JEDEC MO-067AC and MO-066AC, respectively 
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MECHANICAL DATA 



HKC (R-CDFP-F64) 



CERAMIC DUAL FLATPACK WITH TIE BAR 



T — 

0.445 (11,30) 
0.420(10,67) 



1.620(41,14) 
1.580(40,13) 



SQ 



k 1.020(25,91 ) w 

W 0.980(24,89) * 



0.765 (19,43 ) ^ 



0.185(4,70) 
0.145(3,68)' 




0.026 (0,66) MINI - 

0.150 (3,81) 
0.100(2,54) " 



0.070(1,78) 
0.055(1,40)"^ 



0.320(8,13) 
0.295 (7,49)' 



0.0079 (0,200) 
0.0043(0,110) 
0.040(1,02) 
0.030 (0,76) 



40731 60/ B 03/95 



NOTES: A. All linear dimensions are in inches (millimeters). 

B. This drawing is subject to change without notice. 

C. This package can be hermetically sealed with a metal lid. 

D. The terminals are gold plated. 

E. All leads not shown for clarity purposes. 
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MECHANICAL DATA 



HV (S-GDFP-F68) 



CERAMIC QUAD FLATPACK 



1.500(38.10) 
1.300(33,02) 



SQ- 



60 



44 




0.134(3,404) 

4040072/ C 10/96 



NOTES: A. All linear dimensions are in inches (millimeters). 

B. This drawing is subject to change without notice. 
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MECHANICAL DATA 



JT (R-GDIP-T**) 

24 PIN SHOWN 



CERAMIC DUAL-IN-LINE PACKAGE 



0.065 (1,65) 
0.045 (1,14) 



^*-\PINS" 


24 


28 


A MAX 


1.280 
(32,51) 


1.460 
(37,08) 


AMIN 


1.240 
(31,50) 


1.440 
(36,58) 


B MAX 


0.300 
(7,62) 


0.291 
(7,39) 


BMIN 


0.245 
(6,22) 


0.285 
(7,24) 



0.320 (8,13) 



0.015 (0,38) MIN 



0.290 (7,37) 




-J U 



0.100(2,54) 



0.200 (5,08) MAX 

I Seating Plane 



0.130 (3,30) MIN 
0.023 (0,58) 



0.015(0,38) 



0.010 (0,25) NOM 



(f 




0 8 -15° 



V 



4040110/B 04/95 



NOTES: A. All linear dimensions are in inches (millimeters). 

B. This drawing is subject to change without notice. 

C. This package can be hermetically sealed with a ceramic lid using glass frit. 

D. Index point is provided on cap for terminal identification only on press ceramic glass frit seal only. 

E. Falls within MIL-STD-1 835 GDIP-T24 and GDIP-T28 and JEDEC MO-058AA and MO-058AB 
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MECHANICAL DATA 



NT (R-PDIP-T**) 

24 PIN SHOWN 



PLASTIC DUAL-IN-LINE PACKAGE 



24 13 



0.280(7,11) 
0.250 (6,35) 



L V JL V JL V JLJL V JL V JL V JL V JLJ^JL V J1 V J 

12 

0.070(1,78) MAX 



0.020 (0,51) MIN -i 



•41 



^\PINS ** 
DIM^>>. 


24 


28 


A MAX 


1.260 
(32,04) 


1.425 
(36,20) 


A MIN 


1.230 
(31,24) 


1.385 
(35,18) 


B MAX 


0.310 
(7,87) 


0.315 
(8,00) 


B MIN 


0.290 
(7,37) 


0.295 
(7,49) 



_ J 



0.200 (5,08) MAX 
- ^ Seating Plane 



0.125 (3,18) MIN 



i — ► — 0.100(2,54) 



0.010 (0,25) NOM 



0°-15° 



4040050/ B 04/95 



NOTES: A. All linear dimensions are in inches (millimeters). 

B. This drawing is subject to change without notice. 
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MECHANICAL DATA 



PM (S-PQFP-G64) 



PLASTIC QUAD FLATPACK 



[~o^oT— H 

48 I 



491 



64i 



1,45 
1,35 



1 



',50 TYP 
10,20 
9,80 
12,20 
11,80 



SQ- 
SQ- 



■*g l<frl 0.03 ©I 



33 



16 



|« 7,50 TYP J 



32 



Z 



,L.i T\ lllllllllllllllllllllllllHllllll ILL 

— 1,60 MAX 




0,13 NOM 




0,75 
0,45 



Seating Plane 



^ 0,08 



40401 52/ B 03/95 



NOTES: A. All linear dimensions are in millimeters. 

B. This drawing is subject to change without notice. 

C. Falls within JEDECMO-136 
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MECHANICAL DATA 



PW (R-PDSO-G**) 

14 PIN SHOWN 



PLASTIC SMALL-OUTLINE PACKAGE 



| 0,65 | — »| J4- -i 

liilil 



O 



ffllffl 
1 7 



4,50 6,70 
4,30 6,10 



0,15 NOM 
i 




_ 1,20 MAX 0,10MIN-^ 



Seating Plane ^ L-J" 



^0,10 




~^\PINS" 
DIM ^ s -v. 


8 


14 


16 


20 


24 


28 


A MAX 


3,10 


5,10 


5,10 


6,60 


7,90 


9,80 


A MIN 


2,90 


4,90 


4,90 


6,40 


7,70 


9,60 



4040064/ D 10/95 



NOTES: A. All linear dimensions are in millimeters. 

B. This drawing is subject to change without notice. 

C. Body dimensions do not include mold flash or protrusion not to exceed 0,15. 

D. Falls within JEDEC MO-153 
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MECHANICAL DATA 



WD (R-GDFP-P*) 

48 PIN SHOWN 



CERAMIC DUAL FLATPACK 



0.120(3,05) 
0.075(1,91) 

0.005 (0,13) NOM 



NO. OF 
PINS" 


A 


MIN 


MAX 


48 


0.630 
(16,00) 


0.730 
(18,54) 


56 


0.610 
(15,49) 


0.710 
(18,03) 




1.200 (30,50 ) 
0.950(24,13) 

0.390 (9,91) 



0.370 (9,40) 



48 




^-| 0.025(0,635) 

T 



0.010 (0,25) TYP 



24 



25 



4040176/C 10/96 



NOTES: A. All linear dimensions are in inches (millimeters). 

B. This drawing is subject to change without notice. 

C. This package can be hermetically sealed with a ceramic lid using glass frit. 

D. Index point is provided on cap for pin identification only. 

E. Falls within MIL-STD-1835: GDFP1-F48 and JEDEC MO-146AA 

GDFP1-F56 and JEDEC MO-146AB 
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General Information 



SN54/74BCT Octals 



SN54/74ABT Octals 



Scan-Support Functions 




SN54/74ABT Widebus™ With Dual-Sided Terminals 
SN54/74ABT Widebus™ With Quad-Sided Terminals 
SN54/74LVT Widebus™ With Dual-Sided Terminals 
SN54/74LVT Widebus™ With Quad-Sided Terminals 



Mechanical Data 



Technical Information 
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IMPORTANT NOTICE 



Texas Instruments (Tl) reserves the right to make changes to its products or to discontinue any 
semiconductor product or service without notice, and advises its customers to obtain the latest 
version of relevant information to verify, before placing orders, that the information being relied on 
is current. 

Tl warrants performance of its semiconductor products and related software to the specifications 
applicable at the time of sale in accordance with TPs standard warranty. Testing and other quality 
control techniques are utilized to the extent Tl deems necessary to support this warranty. Specific 
testing of all parameters of each device is not necessarily performed, except those mandated by 
government requirements. 

Certain applications using semiconductor products may involve potential risks of death, personal 
injury, or severe property or environmental damage ("Critical Applications"). 

Tl SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, INTENDED, AUTHORIZED, OR 
WARRANTED TO BE SUITABLE FOR USE IN LIFE-SUPPORT APPLICATIONS, DEVICES OR 
SYSTEMS OR OTHER CRITICAL APPLICATIONS. 

Inclusion of Tl products in such applications is understood to be fully at the risk of the customer. Use 
of Tl products in such applications requires the written approval of an appropriate Tl officer. 
Questions concerning potential risk applications should be directed to Tl through a local SC 
sales office. 

In order to minimize risks associated with the customer's applications, adequate design and 
operating safeguards should be provided by the customer to minimize inherent or 
procedural hazards. 

Tl assumes no liability for applications assistance, customer product design, software performance, 
or infringement of patents or services described herein. Nor does Tl warrant or represent that any 
license, either express or implied, is granted under any patent right, copyright, mask work right, or 
other intellectual property right of Tl covering or relating to any combination, machine, or process 
in which such semiconductor products or services might be or are used. 



Copyright © 1996, Texas Instruments Incorporated 
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Introduction 



The JTAG/D5EE 1149.1 test standard is becoming widely accepted as a way to overcome the problems created by 
surface-mount packages, double-sided boards, and multichip modules (see Figure 1), all of which result in a loss of physical 
access to signals on the board. By providing a means to test printed-circuit boards and modules that might otherwise be 
untestable, the time and cost required to develop a product and bring it to market can be reduced significantly, (see Appendix A 
for a brief overview of the 1 1 49. 1 standard.) 




Yesterday Today Tomorrow? 



Figure 1. Physical-Access Problem in PCB Designs 

The conversion to boundary scan has been readily accepted by many who realize that traditional test methods are not effective 
in dealing with the issues of decreasing physical access. Their products are such that faults not detected in the factory can be 
costly to isolate and repair if they surface after they are in the field. These customers see boundary scan as the only solution 
and have realized cost as well as time-to-market savings, in addition to providing a more reliable product to their customers. 

There are others who view boundary scan more skeptically and are uncertain of the ultimate benefits. To help illustrate the 
potential savings of boundary scan, Table 1 provides a comparative test cost model for an application from the professional 
product division of Philips Electronics, which involved including boundary scan in their ASICs. Though it doesn't specifically 
address boundary-scan logic, the benefits to test program generation, testers, fixture costs, etc. apply. 

The reader may use this table as a guide to determine the comparative cost savings for his application. In place of the 
implementation costs for ASICs, you can substitute additional material costs associated with boundary-scan bus interface 
devices over their nonscan counterparts. In addition to costs savings, there are the benefits of decreased time to market, 
improved product quality, reduced customer downtime, etc. 
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Table 1. Comparative Test-Cost Model 





BOUNDARY SCAN 


NON BOUNDARY SCAN 


Implementation cost 






(BSR) 200k boards/year, 
12 ASICs per PCB, 
1%of$25 ASIC 


$600k 


None 


Test program generation 

30 PCB types/year @ $50/hour 


50 hours/type » $75k 


300 hours/type - $450k 


Diagnostics 

70% yield of 200k PCBs - 60k PCBs 
to be repaired @ $25/hour 


2 min. per repair « 2k hours ° $50k 


10 min. per repair = 10k hours « 
$250k 


Number of testers 

200k PCBs/year, test time 3 minVPCB - 10k hrs; 
3 shifts/tester yields 5k hrs/year/tester 


plus diagnostic time and retest 
- 15k hours » 3 testers 


plus diagnostic time and retest 
- 23k hours - 5 testers 


Tester costs 


$75k 


$500k 


Investment - cost of ownership 33%/year 


$75k 


$830k 


Fixture costs 

30 fixtures 


@$5k-$150k 


@$15k-$450k 


Labor cost 


15k hours 


23k hours 


@ $25/hour 


$375k 


$575k 


Yearly total 


$1325k 


$2555k 



(from: Boundary-Scan Test, A Practical Approach by Harry Bleeker, Peter van den Eijnden, and Frans de Jong, 1 993) 



Implementing boundary scan into a design requires a different mindset due to the different hardware, software, and test 
equipment needs versus traditional test methods, Designers are often uncertain as to exactly how they should begin, what issues 
must be considered, and what pitfalls await. The purpose of this report is to touch on some of the issues designers should 
consider when designing with off-the-shelf boundary-scan logic components. 

Is JTAG Right for You? 

As noted in the introduction, one of the first decisions you will face is whether using boundary scan is of benefit to you. The 
designer is faced with many issues that must be addressed when implementing boundary scan into a design, versus a design 
with standard components. A key concern is the fact that boundary-scan devices generally are priced slightly higher than their 
non-JTAG counterparts. However, as shown in Table 1, there are many situations where the additional material cost of 
implementing boundary scan is offset by a reduction in life-cycle costs. 

Figure 2 provides two views of product life-cycle costs. The lower curve represents actual dollars spent. The upper curve 
illustrates that development decisions commit funds that other process steps must spend. By the time engineering "releases" 
a product to manufacturing, 85% of the project's total costs are committed. These costs are driven by decisions made during 
the design phase and can only be reduced if they are considered early in the design phase. 

Both of the above examples illustrate that the goal of boundary scan is to reduce the product's life-cycle cost, even though board 
or system material costs may increase. The life-cycle cost reduction is achieved by enabling faults to be easily identified and 
isolated, reducing test development and execution time. Further cost reduction is achieved by reducing or eliminating the need 
for expensive test fixtures and equipment. 
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Conception Validation Development Production Operation Support 




(from "Controlling Life-Cycle Costs Through Concurrent Engineering", Addendum to the ATE and 
Instrumentation Proceedings, Miller Freeman Expositions, 1992) 



Figure 2. Life-Cycle Costs of Typical Product 

The use of boundary scan can also have a positive impact on time to market, resulting in a maximization of profit potential. 
These benefits are discussed in greater detail throughout this document. 

To make an accurate assessment of the benefits of boundary scan, representatives of all of the disciplines involved in the 
product's development must discuss their respective problem areas. Only then can a solution be reached that truly addresses 
the total product life-cycle cost. Several factors can be analyzed to determine the impact of boundary scan on your application: 

Boundary Scan Can Reduce PCB Debug Time 

By providing access to device I/O without probes, boundary scan allows you to quickly identify and isolate defects to the device 
and, often, the pin level. Boards that previously may have taken weeks to debug can now be tested in a matter of days or even 
hours. Additionally, faults that may not have been detected during board test can now be found, preventing faults from 
surfacing during final test when the costs of finding and repairing the failure are magnified. 

Boundary-Scan Components Help Reduce Test Program Development Time 

Because tests can be performed independent of device functionality, costly in-circuit test models do not have to be developed. 
Instead, the user can obtain boundary-scan description language files (BSDL) from the silicon vendor. These files describe how 
boundary scan has been implemented within the part so tools can understand how to communicate with it. Another key feature 
of boundary scan is that tests performed at the device level can be rerun at the PCB and system level, reducing or eliminating 
the need to develop new tests or generate new test vectors. (See Appendix B for examples of how other customers have 
benefited from the use of boundary scan.) 

Boundary Scan Can Reduce the Need for Costly Fixtures 

Boundary-scan testing of a PCB only requires the user to access the 4- wire JTAG bus. Thus, a PCB or system can be tested 
in its normal configuration without the need to develop fixtures for each PCB or subsystem. 

Boundary Scan Can Reduce or Eliminate the Need for Test Points 

By providing "virtual nails" to each boundary-scannable I/O, the designer no longer needs test points for standard in-circuit 
testers. Removing these test points reduces board manufacturing cost by reducing the number of board layers required. 

Boundary Scan Can Reduce the Number of Pins Needed for In-Circuit Testers 

Even if all parts on a PCB do not have boundary scan, all of the benefits discussed here still apply. You may still need to use 
in-circuit testers to access nonscan nodes. However, by reducing the number of test points needed, you also reduce the number 
of pins required for the in-circuit tester, which determines the type and cost of the tester needed. The cost of automatic test 
equipment of this type has risen to as much as $ 1 .5M in the past several years. Reducing the complexity of the tester may mean 
being able to utilize a tester that is priced significantly less. 
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Boundary Scan Can Help to Perform Functional Testing 

While boundary scan was invented to test for manufacturing defects, users are finding it valuable in doing a variety of 
functional tests. ASICs and microprocessors can make use of boundary scan to access internal registers and enable testing of 
the device itself. Clusters of nonscannable logic may be tested by using a boundary-scan device at the cluster input to drive 
a predetermined pattern. Additional boundary-scan devices at the output can capture the cluster output data and compare it to 
expected results. In the same manner, other devices such as memories can also be tested. 

These are just some of the areas where boundary scan can be of use to you. In some cases you may want to consult with your 
test or manufacturing engineer to understand the problems they face since, in many cases, designers are unaware of the 
difficulties their designs pose to others later in the product life cycle. 

The degree to which the use of JTAG components impacts your life-cycle development costs will depend on the specifics of 
your design. While it is not necessary to have a 100% boundary-scan board, the more controllability and observability you can 
gain by adding boundary-scan devices in key areas, the more benefits you will realize. 

Boundary-Scan Training 

Whether you are a hardware design engineer, ASIC designer, test engineer, or program manager, there are several options 
available for learning more about design for test (DFT) and specifically boundary scan. Texas Instruments (TI) has developed 
several testability training tools to aid you in finding out more about how boundary scan works and how it can benefit you. 
Some of these are listed below. For more information on available literature and training, please contact your local TI sales 
representative or authorized distributor. 

TI Boundary-Scan Training 
Scan Educator (SATB002A) 

An educational software program, Scan Educator introduces the fundamentals of the IEEE 1149.1 boundary-scan standard, 
including architecture, protocol, and required instruction sets. 

Self-paced and menu-driven, it contains both information and animated boundary-scan test simulations. Hands-on, practice 
exercises guide you through boundary-scan test of our SCOPE™ octals at the TAP and at the register level. You are also shown 
how to use IEEE 1149.1 with single or multiple devices for in-circuit observability and controllability and for 
interconnect testing. 

Testability Primer (SSYA002C) 

This pocket-sized book provides an introduction and indispensable reference to JTAG/IEEE 1149.1 testability. It includes 
discussion of cost benefits/trade-offs associated with design for test, a technical overview of IEEE Std 1 149.1 and supporting 
data formats (BSDL, HSDL, SVF), and a set of application briefs. Summary information on TI silicon testability solutions and 
support and learning products is also included. 

Testability Videotape 

This two-part videotape provides a background of the growing need for testability and its economic impact. It also describes 
the work of JTAG and the provisions of the IEEE 1149.1 standard. Part two of the videotape examines the standard in detail. 
It explains the function of each component of the standard and shows how they work together to provide an accurate, 
dependable test procedure. 

Testability CD-ROM 

TI has assembled the key components of testability on a searchable CD-ROM that includes the IEEE Std 1 1 49. 1- 1990 and IEEE 
Std 1149.1a-1993 merged into a single updated document, the TI Test Bus Evaluation Report, application notes on IEEE 
1149.1, and device data sheets. 

In addition to educational opportunities from TI, other vendors supplying boundary-scan products are usually able to 
provide training. 

For more personal training, TI is also able to hold on-site meetings and seminars tailored to address the needs of your 
application. Please contact your local TI sales representative or authorized distributor. 



A-10 



Determining Where to Place Boundary-Scan Devices 



Once you have become familiar with boundary scan, you will want to integrate it in your design. TI has a broad spectrum of 
boundary-scan devices available today: 

• ASICs 

• Fixed and floating-point digital signal processors 

• Bus-interface ICs 

• Scan-Support ICs 

To identify which devices are needed and where they should be placed, there are several questions you should ask: 
What Signals Do You Need to Control and Observe? 

The boundary-scan standard allows you to take control of an I/O to either sample data at the pin or stimulate the pin with known 
data. By replacing standard components with JTAG-compliant devices, you can gain access to individual pins for a variety of 
tests. 

Would You Like to Use Boundary Scan to Test Nonscan Logic Clusters? 

By having the ability to control and observe device I/O, you can use scannable devices to test devices without JTAG capability. 
One JTAG device can be loaded with a predetermined pattern that can be driven onto the cluster inputs while additional JTAG 
devices can capture the output information to be compared against the expected result. 

Do You Need Embedded Test Capability? 

In support of applications requiring a JTAG controller to be "embedded" within the design, TI has developed devices that can 
translate parallel commands from a processor into the required JTAG protocol to drive the JTAG bus. For embedded 
applications, TI has developed a software driver for this bus controller that can be compiled with user code to execute pass/fail 
tests stored in memory. 

Will You Be Implementing Built-in-Self-Test Capability in Your Design? 

If you would like to have your board/system execute some form of self test, TI has devices that can help. Within each TI bus 
interface device lies the ability to execute instructions that command the device to automatically generate output patterns. This 
capability can reduce or eliminate the need to develop test patterns, as well as significantly reduce the time involved to execute 
some tests. 

What Performance Requirements (Speed, Power, Drive) Are Needed? 

The constraints of your design will determine the technology you require in a bus-interface device. TI's JTAG family contains 
over 20 devices and crosses a variety of technologies, giving you the ability to pick the device that best suits your needs. Table 2 
below provides an example of the performance differences between TI's BCT and ABT technologies versus 
competing technology. 



Table 2. Performance Comparison, JTAG Transceiver Functions 



SPECIFICATION 


BCT (TI) 


ABT 18-BIT (TI) 


FACTQ (NSC) 


tp A/B to B/A 


10 ns 


5.4 ns 


8.8 ns 


Maximum TCK rate 


20 MHz 


50 MHz 


25 MHz 


Number of bits 


8 


18 


18 



Based on comparison of TI BCT8245 and ABT18245 vs. NSC SCAN 18245. 



Will You Require Devices That Operate From 3-V Power? 

With more systems moving toward 3-V power, TI has developed 3-V versions of our more popular JTAG Widebus™ devices. 
These devices are designated as LVTH18xxx. Universal bus transceiver (UBT™) functions are also available now. 
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Will You Need to Drive JTAG Signals Across a Backplane? 

As boundary scan gains acceptance at the board level, the need to perform system-level tests with boundary scan is creating 
an interesting problem for test engineers. While several approaches have been proposed to date, none addresses the problem 
better than TI's ABT8996 addressable scan port. This device provides a simple approach to solving a very complex problem 
without the overhead associated with competing solutions. 

What Function Type, Bit Width, or Packaging Limitations Do You Have? 

There are many more boundary-scan functions available on the market today than there were even one year ago. Designers 
are able to select a device based on the functionality, performance, and board area limitations of their design. Boundary-scan 
buffers, drivers, transceivers, latches, and flip-flops are available in a variety of technologies. TI is the leading supplier of JTAG 
logic, with over 30 device types available now. 

What Type of Test Equipment Do You Expect to Use? 

To make the conversion to a test philosophy based on boundary scan, you should define your design, manufacturing, test, and 
field support flow before beginning hardware design. The details of this test plan will determine the types of tests to be 
performed, the devices to be used and their placement, and, therefore, the equipment that will be required. There are several 
vendors supplying CAE and ATE tools to the market today in support of boundary scan. 

Will You Need to Use Bare Die for Use in Multichip Modules? 

Multichip modules epitomize the problem of no physical access. Boundary scan can be very beneficial by providing you access 
to internal signals of the MCM. TI supports this effort by supplying bare die for all of its standard components. Additionally, 
special devices such as the ACT8994 digital bus monitor can give you logic-analyzer capability within the MCM via the JTAG 
bus. 

What Type of Field-Service Requirements Will You Need? 

With boundary scan, you now have the ability to access your circuitry via the 4-wire JTAG port without having to totally 
disassemble the unit. This provides many options to support field maintenance. Will you want the system to execute system 
self-test and simply notify the end user as to the source of the fault? Or will the system execute self test and then remotely dial 
back to the factory with the fault? Will a technician go out to the customer site and connect to the JTAG port with boundary-scan 
diagnostics on a PC to identify the fault? Each of these options and others are available to you because of boundary scan. The 
option you choose will depend on the ramifications of system downtime to you and your customer and should assist you in 
determining your use of boundary-scan devices. 

The answers to these questions will determine which products you will need, where they should be placed, and what tools and 
equipment you will require. Additionally, as you begin to understand the types of boundary-scan components that are needed, 
you will make decisions as to which vendor is best able to support your testability needs. The TI SCOPE family of testability 
products is the most comprehensive in the industry and is backed by many years of working with customers and other vendors 
to solve complex testability problems. 

Available Literature on TI's JTAG Boundary-Scan Logic Products 

The items below contain information on TI's bus-interface and scan-support products that are compatible with the JTAG 
standard. To obtain a copy of any of these items, please contact your local TI sales representative or authorized distributor. 

• Boundary-Scan Logic IEEE Std 1149.1 (JTAG) Data Book 1996 (SCTD002A) 

• Testability Primer (SSYA002C) 

• Testability CD-ROM 

• World Wide Web - URL - http://www.ti.com/sc/docs/jtag/jtaghome.htm 
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Appendix A - Basics of Boundary Scan 

Boundary scan involves placing test points (boundary-scan cells) within each digital I/O of a device. The boundary-scan cell 
enables the I/O to observe normal data flow through the pin, or the cell can be used to control the state of a pin by providing 
source data via the serial input (SI). Figure 3 provides a view of the typical boundary-scan cell. 




NO 



Figure 3. Boundary-Scan Cell 

Each boundary-scannable device will contain a minimum of four additional pins: 

TDI - test data input 
TDO - test data output 
TMS - test mode select 
TCK-test clock 

The TDI and TDO pins serve as the path by which serial data enters and exits the device. The TMS and TCK pins control the 
state of the device, placing it in either test mode or normal mode. In some cases, an optional fifth pin, test reset (TRST) may 
be included to reset the test logic and return the device to normal mode. Figure 4 shows these four pins as implemented in one 
of TI's SCOPE octals. 




Figure 4. Pinout of TI's SN74BCT8244 

The TMS and TCK signals serve as inputs to control the transition of the device between normal and test modes. These inputs 
drive a state machine known as the test access port (TAP). The TAP controls serial scanning of instruction or data information 
through the device and is common to all JTAG/IEEE-1 1 49. 1 -compliant devices. The TAP state is sequenced based on the state 
of TMS on the rising edge of TCK, as shown in Figure 5. 
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16-State TAP provides four major operations: RESET, RUN-TEST, SCAN-DR, and SCAN-IR. 
Scans consist of three primary steps: CAPTURE, SHIFT, and UPDATE. 

Figure 5. TAP-Controller State Diagram 

Boundary-scan devices communicate via the serial path from TDO to TDI. This connection is shown in Figure 6. To test the 
interconnect between two JTAG devices, the user could (for example) serially shift all ones into device 1 and execute an 
instruction that would drive the data onto the parallel outputs. Device 2 could then be commanded to capture the incoming data 
at its parallel inputs, transferring the information to the corresponding boundary-scan cells for each input and then serially shift 
the data to an off-board tester to be compared to the expected results. Any discrepancies in the data can be traced back to the 
pins where the data mismatch occurs. 
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Figure 6. Scan Path Connecting Two Boundary-Scan Devices 

For more detailed information on boundary scan, please use the boundary-scan training materials cited in this report. 
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Appendix B - Boundary-Scan Success Stories 

o "We've (AT&T) reduced the number of test points on some boards from 40 down to four and shortened test - debug 
time on some products from six weeks to two days." 1 

• Hewlett Packard printers reduced the time from the drawing board to production from four and one-half years to 
two years.2 

• Test program development time on Intel '386 vs. Intel '486 with JTAG: 3 



Intel '386 


Intel '486 


7 weeks 


10 hours (2 hours if vendor supplied BSDL) 



• Controller design company using two programmable logic devices with boundary scan were able to use low-cost 
tester with ATPG ($25K) instead of standard ATE system ($750K) that would have been used without 
boundary scan. 4 

1 Computer Design, January 1994, "Testing Dilemmas and Corporate Alliances Fuel Boundary Scan's Acceptance" 

2 Test and Measurement World, October 1992, "Concurrent Engineering is Common Sense" 

3 Computer Design, November 1992, "Design and Test Engineers Alter Rules to Facilitate Test" 

4 EDN, December 3. 1992. "No 'Accounting' for Boundary Scan Test" 
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Abstract 



Much attention has beenfocused in the past on the benefits of boundary scan to the manufacturing test process and the test 
engineer. While ultimately the decision to use boundary scan in a given project should be based on positive impact to product 
life-cycle cost, the benefits that accrue to the designer are often overlooked. This paper describes such benefits to designers at 
all levels of product design: chip, board, system. It also provides insight into special considerations for the designer who 
implements or uses boundary scan. 

Background 

Beginning in 1985, several European and North American companies banded together to form the Joint Test Action Group 
(JTAG). Their stated task was to solve the problem of printed-circuit board (PCB) manufacturing test, which was growing more 
difficult as integrated circuits (ICs) became smaller and more complex (Figures 1 and 2).*>2 Their solution was eventually 
standardized as the IEEE Std 1149.1-1990 Test Access Port and Boundary-Scan Architecture. This standard provides for 
inclusion of required test resources into ICs themselves.^ 




□ □□□□ 
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Yesterday Today Tomorrow? 

Figure 1. The Incredible Shrinking Board Results in Loss of Test Access 
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Figure 2. Increasing Integration at Chip Level Complicates Controllability 

Manufacturing test of PCBs is essentially an effort to find defects (such as net-to-net shorts and solder opens) in the assembly 
of ICs and other components onto a board. This effort is obviously made more difficult by ICs that are both smaller and more 
complex. The ability of functional ("edge-connector") test to isolate PCB assembly defects to an adequate level is quickly 
thwarted by increased board functional density (Figure 3). Since only the primary input/output are used for the test, the 
difficulty of test generation and the requisite test length grow dramatically as the board complexity increases. !> 2 ' 4 

In-circuit ("bed-of-nails") test, which was an earlier attempt to improve fault isolation in complex boards, is likewise thwarted 
by increased IC functional density and, further, by physical constraints (Figure 3). Since in-circuit test is based on the physical 
probing of (preferably all) nets internal to a PCB, smaller pin-to-pin spacing requires improvements in probe technology that 
are becoming increasingly more difficult and costly. In many cases, such as multichip modules (MCMs), ball-grid arrays 
(BGAs) and buried signal traces, physical access to internal nodes is not possible at all. Increased functional complexity of 
ICs causes problems because, in order to place IC outputs in known states for continuity test, the function of the device must 
be manipulated by often long and complex pattern sequences at IC inputs. A similar argument holds for continuity test at 
IC inputs. 1 - 2 . 4 




Functional ("Edge Connector") In-Clrcult ("Bed of Nails") 

Figure 3. Traditional Methods of Board Test 
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Figure 4. The Boundary-Scan Idea 

The boundary-scan idea builds on the concepts of in-circuit test. However, physical probes ("nails"), which are placed mid-net, 
are replaced by boundary-scan cells (BSCs). These "virtual" probes are placed on-chip at IC inputs and outputs (the boundary 
of the IC), and are therefore placed at the net ends (Figure 4). This results in two major improvements: (1) physical access is 
no longer required at boundary-scan nets, and (2) continuity test is no longer subject to IC complexity. The net effect is that 
the goal of manufacturing test, to isolate defects in assembly process to a pin or net, can be accomplished by highly automated 
test-pattern generation (ATPG). 2 

Finally, in order to provide a means to arbitrarily control and observe these BSCs with minimal pin overhead, the BSCs are 
designed such that they can be serially concatenated to form a shift register between two IC pins, Test Data Input (TDI) and 
Test Data Output (TDO). The additional control structures required to select between normal and test operational modes have 
also been designed to minimize pin overhead and to maximize flexibility to handle test modes in addition to that used for PCB 
manufacturing test (Figure 5). This Test Access Port (TAP) is based on a state machine (TAP Controller) that operates 
synchronously to a Test Clock (TCK, to which all operations of the test logic are synchronous) and under the control of a single 
Test Mode Select (TMS). The TAP Controller explicitly provides for a single instruction register that controls the test modes 
and for any number of test data registers (including the boundary-scan register) that can be selected by specific instructions. 2 

Standardization of the TAP and TAP Controller, as well as the boundary-scan architecture, has been key to the broad acceptance 
of the technology across IC, tester, and computer-automated engineering (CAE) tool vendors. Thereby, this structured 
design-for-test (DVT) technique may be used widely across all types of board designs by all sorts of board manufacturers, even 
those where catalog ICs and off-the-shelf testers and tools must be used. Additionally, the flexibility of the TAP and TAP 
Controller allows them to be used for access to other test features built into chip, board, or system, such as on-chip scan test 
or built-in self-test (BIST). 2 
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Figure 5. The Boundary-Scan Control Architecture 
Use of the Standard by the Board Designer 

Since the standard has been designed primarily with board-level (test) concerns in mind, we can expect many benefits for board 
designers. Although many designers might deny it, they do perform at least one critical "test" operation: design 
verification/debug. And, just as board manufacturing test benefits from increased observability and controllability, so does 
board design "test" (that is, verification and debug). Boundary scan, along with other DFT techniques applied at chip or board 
level, can greatly aid these design test functions. 




Figure 6. Board-Level Boundary-Scan Path 
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As in the case of manufacturing test, these benefits are derived in two fashions. Where boundary-scan access is provided, 
observability and/or controllability of a net may be obtained without concern for the function of the driving and/or receiving 
ICs. Also, no physical access to the board under test is required (Figure 6). One result is that inexpensive test equipment can 
be used, since tester channels are needed only for the TAP and other primary I/O ("edge connector") signals. Another, perhaps 
more important result, is that design test can proceed even in cases where physical access to board internal nodes is difficult 
or impossible (due to board physical characteristics or operating environment^). 

In the design CAE environment, the designer could have virtually any desired level of observability and controllability to 
board-internal and (in case of ASICs, FPGAs, or PLDs) chip-internal nodes. With the appropriate boundary-scan and 
chip-internal scan facilities, the designer can enjoy this same level of access to such nodes in the prototype. Further, a structural 
("assembly") test of the prototype can be generated that can be applied from this inexpensive test equipment and without need 
for expensive test fixturing. Such a test can be automatically generated, given the board netlist and descriptions (in the 
boundary-scan description language, BSDL) of the boundary-scannable devices. This simple test is available even when 
manufacturing test program, equipment, and fixtures are not (as is most often the case for prototypes, since they are difficult 
to provide for an unproved design). Such a test can save many frustrating hours (a testimonial indicates a reduction from 
6 weeks to only 2 days^) which would normally be required to separate assembly problems from design problems. This is 
especially important if new and unproved assembly processes have been developed for the board.5>7>8,9,15 

In some cases, the provision of boundary scan and DFT can permit some prototype testing to begin even in the absence of "key" 
components. For example, if a processor board were designed with proper planning, associated memory could be tested by 
emulating the processor, or vice versa. 10 

In addition, the actual design time and manufacturing cost of PCBs may be reduced by elimination of test points J. 1 1 If enough 
test points can be eliminated (one example cites a reduction from 40 down to 4^), then possibly some PCB layers can be 
eliminated as well, which might greatly decrease PCB cost. In some cases, such elimination of test points may be critical to 
the very miniaturization goal that drives the choice of extremely dense packaging options such as BGAs. 6 

The board designer can obtain these benefits by specifying the use of boundary scan in proprietary ASICs and by placing 
boundary-scannable catalog (including user-programmable) components wherever possible. The task of finding such 
components is becoming less difficult daily as the number of such products grows. As of this writing, it has been reported that 
boundary scan is supported by 22 ASIC vendors, 24 vendors of over 120 standard components and 12 vendors of 
user-programmable logic (Figure 7). 12 



* catalog: 120 components, 24 vendors 
"ASIC: 22 vendors 

***user/field-programmable: 12 vendors 



Figure 7. IEEE 1149.1 In Action 
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Included in such offerings are boundary-scannable bus interface devices. These reasonably inexpensive components can 
replace their nonscan counterparts to gain all the above benefits. It may be useful in some cases to insert such devices even 
where they are not required for normal system function (for example, in parallel to a bus that is not boundary-scannable for 
performance reasons) in order to improve test access. 13 Often such components may bound simple clusters of nonscannable 
logic that can be tested using the "virtual nails" of these devices for simple "virtual" in-circuit testing (Figure 8). Additionally, 
some vendors offer built-in parallel-output pattern generators and parallel-input signature registers that allow the board 
designer to implement board-level BIST capabilities that provide high fault coverage with very little test pattern generation. 7 - 1 4 

In designing the board-level scan chain, a single, simple scan chain is recommended. 4 ' 15 Simple buffering of the TCK and TMS 
signals should be used, and care should be exercised in the routing, termination, and timing of these signals. 4 ' In the 
prototype, all TAP signals should be checked for signal integrity at their destinations. 10 Failure to maintain signal integrity at 
these signals may cause improper movement of the TAP controller and premature or unintended entry of device(s) into test 
modes, such as EXTEST. In such modes, the outputs of the device(s), which would be controlled from the boundary-scan 
register, might come into contention with those of other scannable or nonscannable devices. In general, the board designer must 
beware of conditions in which scannable and nonscannable drivers might be in conflict. 4 

Another key to obtaining such benefits will be access to enabling CAE tools. As of this writing, it has been reported that 14 
CAE vendors supply tools that support boundary-scan test. 1 2 These tools fall roughly into three classes: boundary-scan 
insertion, access analysis, and boundary-scan ATPG. The topic of boundary-scan insertion, since it is a chip design activity, 
will be discussed later. 

Access analysis tools examine board designs prior to layout for nets to which physical test access is not required. Such tools 
will identify nets in at least three categories: pure boundary-scan (all connected devices have boundary scan), mixed 
boundary-scan (some, but not all connected devices have boundary scan), and nonboundary-scan (no connected devices have 
boundary scan). 1 ^ These nets will then be prioritized (in the stated order) for test-point elimination. Such information is then 
passed to a layout tool (or designer) for elimination of the test points, as required for optimal board layout and 
fabrication cost. 17 
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Boundary-scan ATPG tools automatically generate prototype or manufacturing tests to be applied to the board under test using 
the board-level TAP. Some of these tools can consider physical access (via in-circuit "bed-of-nails") as well. The best-in-class 
tools of this type will generate tests for TAP and BSDL validation, and board-level scan-path integrity. These tests, in 
combination, verify the infrastructure for applying remaining tests. The best-in-class tools generate the following additional 
types of test for board structural test: boundary in-circuit, virtual interconnect and interactions, and virtual cluster/component 
test. Boundary in-circuit test uses physical access, but utilizes boundary-scan for simple access to on-chip inputs and outputs 
for reduced test generation time and complexity. Virtual interconnect and virtual cluster/component tests allow for removal 
of some or all physical access for test of interconnect and of nonscannable logic clusters, respectively. Such tests will include 
diagnostics of board assembly faults to the pin. Some tools support multiple board- level scan chains, while others support only 
a single chain. 6 > 12 > 16 > 17 ' 18 

Some means of boundary-scan test application is required. In some cases, this may be in-circuit or board-functional test 
equipment that is already owned, perhaps with some modifications to handle deep serial patterns. In other cases, it may be an 
inexpensive test adapter for PC or workstation. Such "testers" must, at a minimum, exercise the board-level TAP(s) under 
control of a simple vector file. In either case, to get the most out of boundary scan in design debug, an interactive scan-based 
diagnostic capability is desired. ^ 

The best scan-based diagnostic tools will use a scan-path management database that permits interactive view and control of 
only those portions of the board (pin, register, bus, or user-defined signal group) that are of interest (Figure 9). Such tools 
completely hide the complexity of the TAP protocol and boundary-scan chain from the user and allow efficient design debug 
in the fashion of parallel stimulus generators and logic analyzers to which the design engineer is accustomed. In fact, the best 
such tools include logic-analyzer-like waveform and state table displays. 19 

Such tools should also support multiple test vector generation methods: interactive, CAE parallel (with automated 
serialization), and boundary-scan ATPG (based on a standard interchange format such as the Serial Vector Format, S VF). They 
should also describe the boundary-scan hierarchy using industry standard formats such as BSDL, the Hierarchical Scan 
Description Language (HSDL), and ED IF (Electronic Design Interchange Format) netlist. And, they must be sensitive to 
board-level constraints so that physical damage to the board, which might result from improper control of boundary-scan 
drivers, does not occur. 19 

Finally, they must support scan test and test reuse across all product phases. This means they must allow access to chip-internal 
scan and BIST, as well as board-level BIST capabilities. They must provide a flow of test information from chip to board to 
system. Ideally, they will provide a flow to embedded system test, enabling system built-in test based on reuse of scan-based 
test. 10, 19 
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Use of the Standard at Chip Level 



At chip level, the standard provides most benefit in its provision for a standard test access method (the TAP) which allows 
access to chip-internal test facilities in addition to the required boundary-scan test facilities. Such chip-internal test facilities 
include internal scan path, BIST, and built-in emulation and debug. 5 - 7 ' 8 - 10 ' 17 - 20 

Chip-internal scan path involves the substitution of normal storage elements (latches and flip-flops) with scannable 
counterparts that can be serially interconnected for test purposes. In a full-scan approach, all such storage elements are 
replaced, and the circuit is thereby partitioned into blocks of combinational logic between parallel inputs and outputs of a 
simple shift register. Robust combinational ATPG algorithms can then be used for rigorous structural test of the chip logic. 
Partial scan implies the replacement of only selected storage elements. It is used in cases where chip area and performance 
cannot be traded-off for improved fault coverage. However, since not all storage elements are scanned, some sequential ATPG 
must be used. The failing of such ATPG to provide adequate fault coverage is the primary reason for adopting chip-internal 
scan in the first place. 21 

BIST uses on-chip stimulus generators and response monitors to eliminate the need for any test generation. Most commonly 
it uses pseudo-random pattern generation and signature analysis (cyclic redundancy checking) implemented in linear-feedback 
shift-registers (LFSRs). In such cases, care must be taken that the circuit to be tested is not resistant to pseudo-random 
techniques. Where the circuit is not suitable for pseudo-random techniques, deterministic BIST methods are possible. 22 




TDI TDO 



Figure 10. Boundary Scan Plus Internal Scan in Mixed-Signal Circuit 

Such features are often most powerful when used in combination. For instance, if boundary-scan and chip-internal scan path 
are both implemented so that they may be used simultaneously in a given IC, then static test application requirements can be 
reduced to only the four TAP signals, since the boundary-scan register can control/observe the primary inputs/outputs to the 
core logic (Figure 10). 22 If internal scan path is combined with BIST, the BIST may be used for quick pass/fail testing while 
the internal scan is used for chip debug and failure diagnosis. Additionally, if a standard RUNBIST capability is provided, the 
end user may perform quick function testing while the IC is in-system. 2 ^ 

Finally, boundary scan alone can reduce test access requirements to the TAP only. The same static functional vectors that would 
be applied by an expensive IC tester with many parallel channels can be applied through boundary scan (if INTEST capability 
is provided). Setup of ICs for parametric test can also be facilitated by boundary scan. And boundary scan can be used in hostile 
environments where physical access is difficult or impossible. 5 For mixed-signal ICs, inclusion of boundary scan can provide 
a very useful partitioning of analog and digital functions, allowing each to be tested independently (Figure 10). 2 ^ 

To benefit from these capabilities, they must be designed into the chip. Several types of CAE tools can aid this process. Most 
such tools provide for some level of automation of internal (full or partial) scan, BIST, and boundary scan. The abstraction level 
at which these tools operate ranges from register-transfer level down to gate level, and the point of use ranges from 
pre-synthesis to post-synthesis (or schematic capture). In the area of internal scan insertion, the best tools will provide full scan 
insertion and partial scan insertion driven from chip area, performance, and test coverage constraints. They will also provide 
the combinational and/or sequential ATPG needed to capitalize on the scan pathA 12 - 21 
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Boundary-scan insertion tools are similarly varied. Capabilities to look for besides automated insertion of TAP and 
boundary-register are BSDL output, test pattern generation for standard-conformance checking and BSDL validation. Some 
tools use BSDL (or graphical entry) as an input, rather than an output, to the boundary-scan insertion process. 18 

The need for validation of B SDL and TAP integrity cannot be overstated since the entire test infrastructure is based upon proper 
operation of these components. 4 ' 17 Special attention should be given to TAP pin placement and to considerations for proper 
clocking of internal scan path relative to boundary-scan path. 4 - 25 

Use of the Standard at System Level 

Finally, the standard can bring benefits to design at system level also. Such benefits are primarily derived from the ability for 
TAP-accessed tests to be reused at higher levels of product integration, from chip to board to system. 1 These capabilities may 
be used for system hardware debug and hardware/software integration while chips and boards are in their normal system 
configuration and operating environment. Since no physical access is required, use of "extender" cards, complex connectors, 
and large environmental control systems is not needed.5.7,8 




Figure 11. Multidrop System TAP 

Additionally, boundary scan and other TAP-accessed test facilities may be useful in meeting system design requirements for 
built-in test, field service test, and remote diagnostics. Clearly, in most such cases it is desirable to limit the expense and 
complexity of test equipment required. Boundary scan can facilitate this by limiting test access and control requirements to 
an inexpensive diagnostics port (the TAP). 7 >20 

Boundary-scannable bus interface devices can be useful in these applications, as well, by partitioning the system along 
field-replaceable unit (PCB) boundaries. Also, if the backplane interface of PCBs is scannable, then backplane connectivity 
and integrity testing can be performed. By using the previously mentioned pattern generation and signature analysis 
techniques, it is even possible to perform gross performance testing on the backplane. 14 

One problem in the area of system implementation of TAP access is referred to as the multidrop problem (Figure 11). Since 
TDI and TDO are serial terminals, they must be daisy-chained in simple chains. This "ring" configuration presents a problem 
in backplane-oriented systems, since some boards may be removed, disabling the scan chain. An alternative, proposed by the 
standard, is the "star" configuration which allows TDI and TDO pins on PCBs to be bussed. 3 However, since multiple TMS 
signals are required to prevent simultaneous scanning (and thereby contention on TDO bus) of PCBs, many backplane routing 
channels are required. Several alternative multidrop schemes, based on serial addressing techniques, have been proposed to 
alleviate this problem. The best of these techniques will enable multidrop routing of backplane signals, with minimal need for 
test reformatting and minimal impact on test application time. 1 A<5>7>20»26 
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Conclusion 



We have discussed many benefits that are available to designers through use of the Test Access Port and Boundary-Scan 
Architecture. These benefits are primarily in the area of design verification and debug and are enabled by improved 
controllability and observability into circuits, and freedom from physical access constraints provided by boundary scan. While 
some effort is certainly required to derive such benefits, a suite of CAE tools that reduces such effort has been presented. 
Designers at all levels of product integration (chip, board, system) are encouraged to evaluate boundary scan for benefits that 
they and their companies may derive from its use. 
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DESIGN APPLICATIONS 

boundary scan speeds 
Static Memory Tests 

The steady increase in memory densities used in microproces- 
sor-based systems has stretched functional test times, as large 
memories require time-consuming tests for adequate fault 
coverage. Moreover, using high-density ASICs with embedded 
memory limits physical test access. Wide buses and high bus 
fan out further complicate testing by limiting component fault 
isolation. Fortunately, the IEEE-1149.1 boundary-scan stan- 
dard offers a solution to the problem of testing static memory. 

The boundary -scan standard was initially conceived to test board intercon- 
nections without the need for physical probing. The standard requires the 
inclusion of boundary-scan functions on ICs, and its success is evidenced by 
willingness of silicon vendors to add that capability to their new products. 
Boundary-scan devices available now include general microprocessors, digi- 
tal-signal processors, field-programmable gate arrays, ASIC libraries (stan- 
dard cell and gate arrays), and bus-interface components. 

Designers of microprocessor-based applications typically buffer the pro- 
cessor's address and data buses to solve electrical loading or isolation prob- 
lems. If the bus-interface parts are IEEE-1149.1 compatible, then boundary- 
scan functions can be used to test the memory. 

One technique uses boundary-scan instructions to scan in the address val- 
ue and the data value, set a memory strobe active to perform the memory ac- 
cess, and set the memory strobe inactive to complete the cycle. Because these 
multiple-scan steps must be done for each memory address, this technique is 
very scan-intensive and therefore very time consuming. For extremely large 
memory arrays, the process could require millions of IEEE-1149.1 scan oper- 
ations and take hundreds of minutes to perform. 

A better solution, which can speed up test execution time by a factor of 
hundreds, employs IEEE-1149.1-controlled built-in self-test (BIST) with off- 
the-shelf components or ASIC macros. With either method, the fault detec- 
tion and isolation provided by a given memory test will depend on the stimu- 
lus patterns used. To compare the two techniques, a 256-by-8-bit memory ar- 
ray and associated bus-interface and control logic was constructed (Fig. 1). 
This configuration allows for explicit read/write operations using the IEEE- 
1149.1 Extestand Sample instructions. The IEEE-1149.1 components, which 
have a BIST capability controlled by boundary -scan methods, can also per- 
form the memory read/write operations. 
Two tests were run on the memory. The first explicitly scanned in the RAM 



1 TABLE 1: BOUNDARY SCAN VERSUS CONTROLLED BIST 


Mod* 


258 


1,000,000 
accesses 


IEEE 1149.1 (ExtesIS Sample) 
Time to apply 
Scans 
Patterns 


4.8 sec. 
512 
512 


332.00 min. 
2,000.000 
2.000,000 


IEEE 1 149.1 (with BIST capability) 
Time to apply 
Scans 
Patterns 


0.011 tec. 
7 

512 


0.75 min. 
28.000 
2,000,000 



array address, data, and strobe sig- 
nal; the second executed IEEE- 
1149.1-controlled BIST, which gener- 
ated the address, data, and strobe 
signals automatically at the test 
clock (TCK) rate of 6.25 MHz. The 
boundary-scan technique solved the 
problem of direct physical access, 
but was time consuming (Table 1). 
The second test, however, clearly 
showed the advantage of IEEE- 
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TABLE 2: SCAN SEQUENCE FOR PRPG 


Stop 




Data scanned Into device 


Register accessed 


i 


IRscan 


READBN opcode 




Instruction 


2 


Ofl scan 


Initial seed (16 bite) 




Boundary register 


3 


IRscan 


SCANCN opcode 




Instruction 


4 


DRscan 


b'OVfPRPG) 




Boundary control 


5 


IRscan 


Runt opcode 




Instruction 


6 


IRscan 


Bypass opcode 




Instruction 



1149.1-controlled BIST. That is, by 
using IEEE-1149.1-controlled BIST 
circuitry embedded within the func- 
tional logic surrounding large mem- 
ory arrays, designers can closely em- 
ulate the actual functional charac- 
teristics and timing speeds of the 
memory being accessed. 

This article describes how to im- 
plement this solution using Texas In- 
struments Scope bus-interface com- 
ponents. These are off-the-shelf de- 
vices that offer the IEEE-1149.1-con- 
trolled BIST functionality needed to 
test static memory. The Scope de- 
vices also supply the electrical signal 
conditioning and buffering a design 
engineer would typically design 
around a microprocessor. 

Generating Patterns 

First, a few comments regarding 
deterministic and algorithmic pat> 
terns. Using algorithmically gener- 
ated patterns for memory-array 
tests is an accepted engineering 
practice commonly used in software- 
based built-in test (BIT) code. Deter- 
ministic patterns that can't be gener- 
ated with a BIST algorithmic circuit 
would require more memory to store 
the patterns than the memory array 
that's being tested. 

Various memory-testing algo- 
rithms are available. Each technique 
specializes in detecting and isolating 
particular memory faults. Once the 
engineer analyzes the memory fault 
classes and testing approaches appli- 
cable to a given design, the appropri- 
ate BIST structures can be integrat- 
ed into the processor, ASIC, or bus- 
interface components. 

The size of the memory array is im- 
portant in determining the desired 
width of the BIST structure bound- 
ing the address and data buses. An 
octal bus-interface component can 
generate only 256 unique patterns 
from its BIST circuit So, if two 8-bit 
octals are used on a 16-bit bus, the 
BIST must be executed 256 times to 
cover a 64-kbit memory space. 

The Scope 8-bit octal bus interface 
components provide flexible, generic 
types of BIST structures that sup- 
port several memory-testing algo- 
rithms. The 8-bit biCMOS technolo- 
gy (BCT) devices have BIST struc- 
tures for pseudo-random pattern 
generation (PRPG), parallel signa- 



ture analysis (PSA), concurrent 
PSA/PRPG, and Toggle/Sample. 
The 8-bit advanced biCMOS technol- 
ogy (ABT) versions have the same 
capabilities as the BCT parts, and 
add a Count-up (256 patterns) func- 
tion at the outputs. The 18- and 20-bit 
Widebus Scope bus interface compo- 
nents generate 256-kbit and 1-Mbit 
unique patterns, respectively, in one 
BIST execution. These parts also 
have advanced BIST capabilities, in- 
cluding the Count-up function of the 
ABT devices. 

The example circuit uses the BCT 
octal bus interface components, so a 
review of their BIST functions is ap- 
propriate at this point. Specifically, 
the following descriptions of PRPG, 



PSA, combined PSA/PRPG, and 
Toggle/Sample patterns apply to the 
BCT8240, BCT8244, BCT8245, 
BCT8373, and BCT8374. 

For PRPG, the patterns are gener- 
ated at the functional outputs. The 
user should select an initial seed val- 
ue and scan it into the boundary-scan 
register before performing the scan- 
ning sequence required to place the 
device into PRPG (Table 2). After the 
Instruction Register (IR) scan of 
step 5 is completed and the test ac- 
cess port (TAP) has entered the Run- 
Test/ Idle state, the device outputs 
begin generating pseudo-random 
patterns. 

The timing relationship of these 
patterns to TCK and test mode select 



II. A SIMPLE CIRCUIT CONSISTING of a memory array sod associated bo> 
I interface and control logic was constructed in order to evaluate two memory test methods. 
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2. THIS timing diagram shows the relationship between the IEEE-1149.1 signals-TCK, TMS, 
TAP state— and the different types of test data signals that can be used to test the memory. 



and 



(TMS) is given in Figure 2a. The 
Scope octal's outputs change value 
after the falling edge of TCK while 
the TAP is in Run-Test/ Idle and the 
current instruction register is loaded 
with the instruction Runt. 

All Scope octals use an internal 16- 
bit linear feedback shift register 
(LFSR) for PRPG. The devices must 
receive a total of 65,535 TCKs in or- 
der to generate every sequence com- 
bination of 8-bit (octal) output val- 
ues. The sequence of these values is 
pseudo-random, based on the initial 
seed value written into the bound- 
ary-scan register. The seed can be 
any value between xOOOl and 
xFFFF. A seed of xOOOO causes the 
& LFSR to remain at xOOOO. After 
65,535 TCKs, the output pattern se- 
quence begins to repeat. 

The 16-bit PRPG function can be 
used to generate input patterns for 
the data bus when performing mem- 
ory write operations. This function 
would not normally be used for gen- 
erating address patterns because it 
would take more than 256 TCKs to 
ensure that all 256 memory locations 
were accessed. 

Using PSA 

When the PSA function is used, 
data appearing on the eight function- 
al data inputs is compressed into a 
16-bit signature. As with PRPG, an 
initial seed value must be scanned 



into the boundary-scan register be- 
fore the scanning sequence required 
to place the device into PSA is per- 
formed (Table 3). The compression 
occurs after the IR scan of step 5 is 
completed and the TAP enters the 
Run-Test/Idle state. 

The timing relationship of the data 
sampling to TCK is shown in Figure 
2b. The A-inputs of the Scope octal 
devices are sampled on the rising 
edge of TCK, while the TAP is in 
Run-Test/Idle and the current in- 
struction register is loaded with the 
instruction Runt. 

The PSA function uses the 16-bit 
LFSR to generate the 16-bit signa- 
ture, based on the initial seed value 
loaded in the boundary-scan regis- 
ter. The 16-bit seed can be any value 
between xOOOO and xFFFF. The seed 
value chosen will affect the validity 
of the signature and the detection of 
faulty patterns. Therefore, the engi- 
neer should carefully study the na- 
ture of the LFSR's signature analy- 
sis in order to understand aliasing 
conditions. Aliasing occurs when 



multiple input-pattern com- 
binations produce the same 
final signature. If that hap- 
pens, certain memory data 
faults could be masked and 
thus go undetected. 

The PSA mode would typ- 
ically be used when verify- 
ing the validity of known 
data previously written to a 
block of memory. Using the 
16-bit PSA function of a 
Scope octal device reduces 
the chance of aliasing. 

As noted, the Scope octals 
can also combine PRPG and 
PSA operations. In this 
mode, the devices simulta- 
neously generate pseudo- 
random patterns on the out- 
puts while compressing a 
signature on the inputs. The 
IEEE-1149.1 scan opera- 
tions needed to set up a de- 
vice for combined PSA/PRPG opera- 
tion are similar to those for the PSA 
mode (Table 3, again). One differ- 
ence is that the 16-bit seed value is 
split into two 8-bit seeds, one for 
PRPG and the other for PSA (step 2). 
In addition, the boundary-control 
register should be loaded with a b'll' 
value (step 4). After the IR scan of 
step 5 is completed and the TAP en- 
ters the Run-Test/Idle state, the oc- 
tal's outputs begin generating 
PRPG patterns and the inputs are 
compressed. The timing relationship 
of these operations to TCK is shown 
in Figure 2c. 

Because the two 8-bit seeds split 
the 16-bit LFSR, only 255 TCKs are 
required to generate every PRPG 
output value, and the device gener- 
ates only an 8-bit PSA signature. Af- 
ter 255 TCKs, the output PRPG se- 
quence repeats itself. Because of the 
nature of an LFSR, the eight outputs 
will never be all zeros. Because only 
8 bits of the LFSR are used for PSA, 
the possibility for aliasing increases. 
Consequently, the 8-bit PRPG func- 



TABLE 3: SCAN SEQUENCE FOR PS A 
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IRscan 
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OR scan 
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Boundary Control 




IRscan 
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tion could be used 
to produce memory 
addresses, since 
255 address values 
can be generated 
within 255 TCKs. 
But the 8-bit PSA 
function would not 
be recommended 
for sampling mem- 
ory data because of 
the greater possi- 
bility of aliasing. 

In the Toggle/ 
Sample mode, the 
octal device gener- 
ates a toggle pat- 
tern at the function- 
al outputs while the 
inputs are sampled. 
Once again, the 
scan operations 
used to set up the 
octal for Toggle/ 
Sample mode are 
similar to those for 
PSA setup. Two 8- 
bit seeds are en- 
tered (step 2). The 
first is the initial 
value of the toggle 
pattern at the out- 
puts, and the sec- 
ond isn't used. To 
configure the octal 
for this BIST func- 
tion, the boundary 
control register 
should be loaded 
with a b'00' value 
(step 4). As in the other modes, the 
octal' s outputs begin to toggle after 
the IR scan of step 5 is completed and 
the TAP enters the Run-Test/Idle 
state. 

The timing relationship of these 
patterns to TCK is shown in Figure 
2d. The outputs of the Scope octal 
change value after the falling edge 
of TCK, and the TAP is in Run-Test/ 
Idle and the current instruction reg- 
ister is loaded with the instruction 
Runt. The toggling output function 
could also be used for generating 
memory data input patterns, such as 
55/AA,FF/00, and so on. 

An example circuit consists of a 
generic microprocessor, a static 
RAM array, two PALs, and several 
Scope octal ICs (Fig. 8). The micro- 
processor has a 16-bit address bus 
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3. IN THE EXAMPLE TEST CIRCUIT, several businterface devices partition the address and data 
buses to facilitate boundary scan around the microprocessor. 



and a 16-bit data bus, as well as read/ 
write (R/W) and address strobe 
(5TKB) control signals. The Scope 
octal devices partition the address 
and data buses to facilitate boundary 
scan around the microprocessor. 
Specifically, U, and U 2 (BCT8244 
types) buffer the microprocessor's 
address bus, and U 3 and U 4 (BCT8245 
types) are transceivers on the micro- 
processor's data bus. U 6 (a BCT8244) 



TABLE 4: MEMORY MAP 
AND ADDRESS DECODER 



Add rtts ring* 




Moo-Mis 


Memory selected 


0000-3FFF 


Not defined 


4000-7FFF 


RAMtrray (to be tested) 


6000-FFFF 


Not defined 


ISRAMCS = ((IBA15& BA14 & BSTRB) # (IBA15& 


BA14&TSTCS)) 





buffers the processor's R/W signal 
and other control signals. 

For simplicity, the example circuit 
doesn't detail the data-transfer ack- 
nowledgement logic. The signal H 8 is 
the microprocessor's functional 
clock, from which all functional 
read/writes are timed (Fig. 4). 

The circuit's memory map and ad- 
dress decoder equation, including 
the buffered upper address lines, 
BA. 4 , and BA 16 , are defined in Table 
4. To select the memory resource to 
be tested by the BIST function, BA M 
and B A 16 must be controlled properly 
to generate the necessary chip se- 
lect The 20L8 PAL, U„ generates a 
chip select to the RAM array, 

SrXm_CS. 

The logic equation generating 
SRAM — CS has two product terms 
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(P-Terms). The first 
generates the "func- 
tional operation" chip 
select; the second sup- 
ports IEEE-1149.1 
BIST testing. When 
BA 15 is a logic 0 and 
BA,, is a logic 1 and 
STRB is a logic 0. the 
output SRAM—CS is a 
logic 0. This enables the 
RAM array (via the 
chip-select pin). 

The second term is 
logically ORed with the 
first and supports the 
BIST operation. \J 1 (the 
octal that buffers the 
upper address bus) 
must be loaded with the 
Extest instruction and 
must drive the upper ad- 
dress li nes, BApQj s. The 
output SRAM_CS is a 
logic 0 when BA 18 is a 
logic 0, BA,. is a logic 1, and 
Test_CS is a logic 0. The lower ad- 
dress lines, BA,,,,.,,,, are driven by 
U 2 'sPRPG BIST circuit. 

The 16R 4 PAL, U v generates the 
Test_CS signal at the appropriate 
time to allow the IEEE-1149.1 BIST 
functions to time properly with the 
RAM circuitry. This device holds 
three logic components. 

The first logic component has two 
inputs— TCK and TMS. The TMS sig- 
nal is sampled on every rising edge 
of TCK, just as in other IEEE-1149.1 
devices. By sampling TMS, the PAL 
logic can monitor the TAP state of 
the IEEE-1149.1 scan bus. The TAP 
has 16 possible states, encoded into 




I 



4. THE READ/WRITE WAVEFORMS for the example circuit 
show the relationship between the microprocessor's functions] clock, 
H v and the appropriate signals. 



four outputs defined as TAP 6 -TAP S 
(Table 5). 

The PAL's second logic compo- 
nent ge nerates the output signal 
Runtest. This signal is asserted (log- 
ic 0) whenever the TAP is in the Run- 
Test/Idle state. This signal, which 
indicates when the TAP is in Run- 
Test/Idle state, is important. When 
the TAP is in this state and the octal 
is loaded with the Runt instruction, 
the BIST circuitry generates pseudo- 
random patterns or compresses a 
PSA signature. 

The third logic c omponent actually 

generates the Test CS signal. 

While the octals are performing the 
BIST in the Run-Test/Idle state, this 



TABLE 5: DEVICE U5 TAP STATE DEFINITION 



Oitput 



TAP, 



TAP, 



TAP„ 



TAP SUrt 



Strap 

Run-Test/Idle 
Select _ OR 
Select _IR 
Capture _ OR 

Shirt DR 

Exit,_DH 
Pause _DR 
Exit 2 _DR 
Update _Dfl 
Capture— IR 
Shift- IR 
Exit,_IR 
Pause— IR 
Exi» 2 _IR 
Update- IR 



! RUNTEST - (TAPj * TAP, * ITAP, * ITAPo) 



PAL needs to know 
when the Runt instruc- 
tion is loaded into the oc- 
tals. A_scannable sig- 
nal, Memtest, is used to 
accomplish this. U 6 , a 
BCT8244 octal buffer, 
drives this signal. 

The e quation for 
Test^-CS is: 
Test_CS = (Memtest * 
Runtest * TCK) 

Software performing 
the IEEE-1149.1 scan 
operation s must set the 
Memtest signal low at 
the same time that the 
Runt instruction is load- 
ed into the octals per- 
forming PRPG and 
PSA. 

The designer must be 
able to shut off the mi- 
croprocessor or hold it 
in a reset state while the 
test is executing. Thus, the proces- 
sor should be controllable via an 
IEEE-1149.1 scannable register. Ta- 
ble 6 defines the scan operations re- 
quired to perform BIST memory 
writes to RAM addresses 4001-40FF, 
using pseudo-code to generate both 
the address and data patterns. De- 
vice U 2 generates pseudo-random ad- 
dresses on signals BAq^, and de- 
vices U 3 and U 4 generate pseudo-ran- 
dom data on signals BD^j (Table 6). 

The following steps execute the 
BIST memory write operation: 

Step 1 loads all Scope octals with a 
READBN instruction, which allows 
access to the octal boundary-scan 
register (BSR) while the octals re- 
main in their functional mode. 

Step 2 involves a Data Register 
scan that initializes the BSRs of each 
octal device. Uj (BA^,^ is set up 
with the desired RAM memory ad- 
dress and U^BA,^) is loaded with a 
PRPG seed value. Both U 3 (BD^J 
and U 4 (BDq^) are loaded with a 
PRPG seed value. U 5 is set up with 
the Memtest signal asserted (logic 
0), and the read/write-signal (BR/W) 
logic level selecting a write (logic 0) 
operation. 

Step 3 is an Instruction Register 
scan that loads the octals U 2 , Uj, and 
U 4 with the SCANCN instruction. 
This instruction allows access to the 
boundary control register (BCR). U, 
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TABLE 6: PSEUDO-CODE FOR MEMORY WRITE OPERATIONS 


Stqwrnce 


BA^-BA 15 


BA^BA,, 


BD^-BD,, 




Mtflitttt 
and BR/W 
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"Shut off the embedded microprocessor 


1.IR 


READBN 


READBN 


READBN 


READBN 


READBN 


2.DR 


BA 15 =0 
BA 14 = 1 

BA O8 . )3 =00O000 


LFSRseed 


LFSRseed LFSRseed 
(set direction A— »B) 


Bfl/W=0 
Metntest=0 


3.IR 


Bypass 


SCANCN 


SCANCN 


SCANCN 


Bypass 


4. on 


Bypass 
0 


PSA/PRPG 
11 


PSA/PRPG 
11 


PSA/PRPG 
11 


Bypass 
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5.IR 


Extest 


Run! 


Runt 


Runt 


Extest 






Hold In 1 149.1 Run-Test/Idle stale for 255 Test Clocks (TCKs) 






6.IR 


READBN 


READBN 


READBN 


READBN 


READBN 


7.DR 


BA 15 =0 
BA 14 =1 
8^,3 = 000001 


LFSRseed 


LFSRseed LFSRseed 
(set direction A -.B) 


BR/WoO 
M«mtest«0 



and U 5 are loaded with the Bypass 
instruction. 

Step 4 is a Data Register scan that 
loads the U 2 , U 3> and U. BCRs with 
the PSA/PRPG code (11). 

Step 5 is an Instruction Register 
scan that loads U 2 , U 3 , and U 4 with 
the Runt instruction and loads U t 
and U 6 with the Extest instruction. 
Extest allows the previous ly loaded 
values for BA, BR/W, and Memtest 
to be asserted when the TAP enters 
the Update-IR state. When the TAP 
enters the Runtest/Idle state, U 2 , U 3 , 
and U. begin generating PRPG pat- 
terns (Fig. 5). 

Step 6 is an Instruction Register 
scan that puts the octals into their 
functional mode. It also deasserts 
U 5 's Memtest signal (logic 1), pre- 
venting Test CS from being gener- 
ated when the Runtest/ 
Idle state is reentered. 

Step 7 is a Data Register 
scan that sets up the mem- 
ory write operation for the 
next block of memory. 

Similarly, the scan oper- 
ations needed for memory 
read operations read from 
RAM addresses 4001- 



cute the memory read operation: 

Step 1 loads the octals with the 
READBN instruction, which allows 
access to the octal BSR while the oc- 
tals remain in their functional mode. 

Step 2 is a Data Register scan that 
initializes the Scope octals' BSRs. U. 
(BApg.,^ is set up with the desired 
RAM memory address and IL (BA^ 
,„) is loaded with a PRPG seed value. 
Both U 3 (BD^J and U. (BD,^) are 
loaded with a PSA seed value. U 8 is 
set up with the Memtest signal as- 
serted (logic 0), and the read/write 
signal BR/W logic level selects read 
(logic 1). 

Step 3 is an Instruction Register 
scan that loads octals U 2 , U 3 , and U 4 
with the SCANCN instruction, per- 
mitting access to the boundary con- 
trol register. U, and U 5 are loaded 



with the Bypass instruction. 

Step 4 is a Data Register scan that 
loads the U,, U 3 , and U 4 boundary 
control register with the PSA/PRPG 
code (11) and PSA code (10). 

Step 5 is an Instruction Register 
scan that loads U 2> U 3 , and U 4 with 
the Runt instruction and loads U, 
and U. with the Extest instruction. 
The Extest instruction allows the 
previously l oaded val ues for BA^^, 
BR/W, and Memtest to be asserted 
when the TAP enters the Update-IR 
state. When the TAP enters the Run- 
test/Idle state, U 2 begins generating 
PRPG patterns and U 3 and U 4 begin 
compressing a signature. 

Step 6 is an Instruction Register 
scan that puts the octals into func- 
tional mode. It also deasserts octal 
device U 5 's Memtest signal (logic 1), 



40FF. U 2 generates pseu- 
do-random addresses on 
address bus signals BA~ 

and devices U 3 and v t 
compress a signature from 
data bus signals BD^g 
(Table 7). 

The following steps are 
required in order to exe- 
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5. THE BIST-GENERATED PRPG patterns for mentor; write operations are created after U t 
U„ and U 4 are loaded with the Runt instruction, and the TAP enters the Ran-test/Idle state. 
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6. THE BIST-GENERATED waveforms for memory read operations are created after the Data 
Register scan that reads the signature from octals U, and U. 



preventing Test CS from being 

generated when the Runtest/Idle 
state is reentered. 

Step 7 is a Data Register scan that 
reads the signature from octals U, 
and U 4 . In adition, it sets up the mem- 
ory read operation for the next block 
of memory. 

The BIST-generated waveforms 
for the memory read operation are 
shown in Figure 6. 

The designer can repeat these pro- 
cedures to access other locations in 
the RAM array by changing the val- 
ue of Uj's boundary-scan register 
output signals, BA^^. Because U, 
operates in the Extest mode, soft- 
ware has to increment and scan out 
each of these addresses. 

During Read cycles, the data bus, 
BDoj, 15> becomes valid during the as- 



sertion of SRAM—CS (after the 
RAM access time). The bus is sam- 
pled by devices U 3 and U 4 on the ris- 
ing edge of TCK, which is when 
SRAM_CS is being deasserted. The 
address bus changes value after the 
falling edge of TCK (after the propa- 
gation time, TCK-to-Q valid). The cal- 
culation of the minimum TCK period 
must consider the address setup 
time, RAM access time, and the octal 
data setup and hold times. 

Other Considerations 

The 8-bit Scope octals offer two 
practical patterns for generating 
BIST addresses to a block of memo- 
ry: 8-bit PRPG and Binary Count-up 
(for ABT parts only). The devices 
also supply four ways of writing 
data to a block of memory: 8-bit 



PRPG, 16-bit PRPG, Tog- 
gle, and Binary Count-up. 
The parts allow for reading 
BIST data from a block of 
memory by using 16-bit PSA 
data compression. 

The use of 8-bit PRPG for 
address generation has a mi- 
nor weakness in that it does 
not include address 00. De- 
signers can ignore this 
shortcoming or do a sepa- 
rate boundary-scan proce- 
dure for address 00 in each 
memory block tested. The 
Binary Count-up algorithm 
accesses every address in 
the memory block. 

One type of fault not fully 
covered by PRPG, or by one 
pass of any data pattern, is a single 
stuck bit in a memory cell. To guar- 
antee detection of this fault, the test 
must write and read back a data pat- 
tern and its complement on two 
successive BIST executions. Only 
the Toggle algorithm can do this. 
The other data patterns require 
many more BIST operations. 

Regardless of the address and 
data patterns used, all BIST memory 
blocks are read back using 16-bit 
PSA data compression. If the data 
patterns created a unique signature 
for each data byte within all the 
memory blocks, the tests should de- 
tect the general area and /or type of 
error. For example, if an error oc- 
curs in the same byte of every block, 
a data line probably has a short or an 
open. If all the bytes in a memory 



TABLE 7: PSEUDO-CODE FOR MEMORY READ OPERATIONS 



Sequence 
and 

typ« 




BA^BA, 7 




"a 


Memtesl 
andBR/W 
U| 


"Shut off the embedded microprocessor 


i.n 


READBN 


REAOBN 


READBN 


REAOBN 


REAOBN 


2. OR 


BA 15 =0 
BA 14 =1 

BVu-oooooc 


LFSRsetd 


LfSRseed LFSflseed 
(set direction B-. A) 


Bfi/W-1 
Memtest-0 


in 


Bypass 


SCANCN 


SCANCN 


SCANCN 


Bypass 


4. OR 


Bypass 
0 


PSA/PRPG 
11 


PSA 

to 


PSA 
10 


Bypass 
0 


S.tR 


Extest 


Runt 


Runt 


Runt 


Extest 




"Hold in 1 149.1 Run-Test/Idle state for 255 Test Clocks (TCKs) 


6.IR 


REAOBN 


REAOBN 


READBN 


REAOBN 


REAOBN 


7. OR 


BA, 5 -0 
BAm-1 
BAqj.13- 000001 




Read Read 
Signature signature 
(and toad next LfSR seed) 


BR/W-1 
Mtfntcst»0 
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OISICN APPilCflTIONS 



BOUNDARY-SCAN 
MEMORY TESTS 



block are in error, an address line 
may have a problem. If only one byte 
in a block has a error, a memory cell 
may be bad, especially if complemen- 
tary data does not cause an error. 

Once the general area or type of 
error is known, the designer can 
write a simple program using TI's 
Asset boundary-scan development 
tools that will read and write to any 
selected address. Using various ad- 
dresses and data patterns, this pro- 
gram can help determine the exact 
location of the problem. 

For larger memory arrays, the Wi- 
debus interface parts can be used. 
These parts allow a larger block of 
data (up to 65,536 addresses) to be 
tested in one BIST execution. Also, 
one device can generate or read two 
data bytes. Although this capability 
increases test speed, it reduces reso- 
lution in locating a particular fault. 

The techniques discussed in this 
article are for testing of static de- 
vices (RAM, ROM, EPROM, etc.). 
However, with some minor changes 
depending on the type of device be- 
ing tested, similar methods can be 
used to test dynamic RAMs. The 
main consideration is the refresh cy- 
cle time required by the DRAM. One 
alternative is to make the BIST for 
each memory block short enough 
that a burst refresh before and after 
each BIST can keep the memory re- 
freshed. Another technique is to de- 
sign the address generator part of 
the BIST circuit so that it is tied to all 
the DRAM row-address lines. Then 
the DRAM will be refreshed auto- 
matically while the BIST is running. 

Jim Coleman, hardware develop- 
ment manager for Texas Instru- 
ments Semiconductor Group's 
Test Technology Center, received a 
BS in computer engineering from 
the Rochester Institute of Technol- 
ogy, Rochester, N. Y. 

Richard Thorpe, a member of the 
group technical staff for the Test 
Technology Center, holds a BS and 
MS in electrical engineering from 
the University of Texas at Austin. 
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Abstract 



This paper presents a design-for-test (DFT) analysis of a buffered synchronous dynamic random-access memory 
(SDRAM) dual in-line memory module (DIMM). The analysis is restricted to board-level manufacturing faults. The test 
problem is described, alternate test methods are suggested, and a comparative study is presented contrasting a DFT approach - 
including boundary-scan test - versus a non-DFT approach. 

Keywords: boundary scan, design-for-test, DFT, DIMM, DRAM, IEEE Std 1149.1, in-circuit, JTAG, memory, module, 
SDRAM, test. 




Figure 1. Subject Module (1/2X) 

1. Introduction 

The high quality of electronic systems being demanded by business and private consumers today is driving the growing 
importance that manufacturers are placing on testing as a whole. Ever-increasing miniaturization and complexity of 
very-large-scale integration (VLSI) integrated circuits (ICs) and systems are, in turn, leading to escalating difficulties faced 
by board/module manufacturers in using conventional test methods for their testing needs. The advent of new assembly 
technologies like fine-pitch surface-mount technology (SMT), multichip modules (MCMs), tape-automated bonding (TAB), 
and chip-on-board (COB) have complicated matters further. 

Due to such advances, not only has it become difficult to gain physical access to probe printed-wiring-board (PWB) traces, 
but it has also become impractical to continue with conventional test development. With increased IC and module complexity, 
the high costs involved with developing test programs are recurring, as standard test programs that could be reused several 
times in the past, now need to be generated with a specific application in mind, due to the application-specific nature of ICs. 
Therefore, to maintain quality of products and increase competitive advantage while remaining economically viable, new and 
evolving system-level test methodologies aimed at improving overall testability must be adopted. This paper will demonstrate 
the applicability of such methods to a buffered SDRAM DIMM. 

2. Module Construction 

The analysis to be presented in this paper is based on a 200-pin, 2-bank x 2M x 72, buffered SDRAM DIMM designed at Texas 
Instruments (TI) according to JEDEC Standard 21 -C. Figure 1 shows the subject module at half-size magnification. As shown, 
the module is a double-sided assembly that uses a high degree of miniaturization for both components and assembly. 
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The fundamental elements of the buffered SDRAM DIMM are a laminate substrate with dual-in-line edge contacts, a 
high-speed buffered register IC, a phase-locked-loop (PLL) clock distribution IC, several SDRAM ICs, as well as several 
capacitor and resistor components. Table 1 provides a summary of the module construction. As can be ascertained from this 
summary, all components, including passives as well as ICs, are of the fine-pitch surface-mount type. 

Table 1. Summary of Module Construction 

PWB 

Finished size: 1.15 in. x 6.05 in. x 0.05 in; finished cost: $10 

Substrate: glass-base epoxy resin, (lame retardant (FR4) - 6 layers; edge: 200 pin, gold plate 



Wiring: copper/entek plus, size 4 mil, pitch 10 mil; vias: size 12 mil, pitch 50 mil 



ICs 


DESCRIPTION 


NO. 


PART NO. 


COSTS 


PACKAGE 


LEAD 
PITCH 


UNIT 


EXT' ED 


SDRAM 


2Mx8 


18 


TMS626802 


30.00 


540.00 


44-pin TSOP 


0.80 mm 


Buffered register 


20 bit 


1 


ALVCH 162721 


5.00 


5.00 


56-pin TSSOP 


0.50 mm 


Clock driver 


1-to-12PLL 


1 


CDC2586 


6.00 


6.00 


52-pin TQFP 


0.65 mm 


PD buffer 


8 bit 


1 


LVC244 


1.00 


1.00 


20-pin TSSOP 


0.65 mm 


PASSIVES 


NO. 




COSTS 


PACKAGE 


PITCH 


UNIT 


EXT' ED 


Shunt/tie-off resistors (0, 10) 


8,72 




0.01 


0.80 


0603 


50 mil 


Bypass capacitors (0.001, 0.1) 


24, 24 




0.03 


1.44 


0603 


50 mil 



In the dual-bank architecture of the subject module, nine SDRAM ICs are placed on each side of the PWB. The clock driver 
and related passives are placed on one side of the board, while the register and buffer, along with associated passives, are placed 
on the other side of the board. 

As noted in the construction summary, the PWB was constructed in six layers. The two outer layers were used for the data I/O 
and address/control buses. One inner layer was used for the clock signal routing, while another was used for routing register 
outputs to receiving SDRAMs on the back side. Finally, the remaining two layers were used for power (Vcc) and ground planes. 

3. Module Function 

The function of the subject SDRAM DIMM is shown in the block diagram of Figure 2. All address (12) and control (8) lines 
to the SDRAM devices are buffered and retimed through the 20-bit register. Data in/out signals are driven directly to/from the 
card edge via 10-ohm series damping resistors. External damping resistors are avoided on the address, clocks, and controls 
through the use of ICs that integrate such resistors. The single clock driver supplies buffered, phase-controlled clock signals 
to the register, as well as all SDRAM devices. The octal buffer sources the buffered presence-detect outputs, which provide 
configuration information about the DIMM. The output enable for this buffer is controlled by the presence-detect enable 
(PDE) signal. 
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Mdr(12) 
Comm cntl (A) 



BankO cntl (2) 



Bankl cntl (2) 



ALVCH 
162721 
(register) 



CkO 



D 



CDC 
2586 



I feedback I 



Data (721 



3E 



PDG 



PD(8) 



LVC244 
(buffer) 



ID (3) 



_Vcc 

"gnd 



out 



BankO 
9xTMS626802 
(2Mbx8) 



Bankl 
9 x TMS626802 
(2Mbx8) 



Figure 2. Module Block Diagram 



4. Taxonomy of Defects 

The causes for defects in a module can broadly be classified into process defects and random point defects. Process defects 
can result from high or abnormal variation in processing, such as in solder paste thickness, wiper pitch, etc., while point defects 
may result from particulate or other contamination. 

Some defects that occur during the assembly process are commonly caused by manufacturing errors, such as the use of wrong 
components or missing components. Defects introduced during module assembly can also result from manufacturing 
processes, such as incorrect or insufficient paste, incorrect component placement, cold solder, solder splashes, contamination, 
or process damage. These may also be caused by use of defective or faulty components in the form of broken or improper leads, 
mislabeled parts or wrong values, or cracked components. 

Regardless of their root cause, such defects can result in improper operation/function of the assembly. Therefore, testing is 
necessary to verify proper module function, to identify defects in faulty assemblies for rework and repair, as well as to eliminate 
sources of defects in the process. 

A specific manifestation of a defect in an assembly is referred to as an assembly fault. These can be broadly grouped into gross 
and marginal classes. Marginal assembly faults are parametric in nature and deal with electrical characteristics of circuits like 
threshold, bias, and leakage currents and voltages. Delay faults can be classified as such. Gross assembly faults can be divided 
into interconnect faults, which include shorts and opens, and placement faults, which are caused by wrong component 
orientation or wrong part in socket. 
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Table 2. Node/Solder-Joint Matrix With Card-Edge and In-Circuit Test Fault Classification 



SIGNAL NODES 


NO. 


ASSOCIATED 
SOLDER JOINTS 


NO. 


DESCRIPTION 


CLASSIFICATION OF 
SOLDER JOINT FAULTS 


ICT 

ACCESSIBILITY 


CARD-EDGE 
(NO DFT) 


ICT 


ssl 
L 


ssl 
H 


so/ 
Lt 


so/ 
Ht 


sot 


Edge -» Reg(addr) 


12 


Reg-I(addr) 


12 


Module Address Inputs 


fA 


fA 


fA 


fA 


ID 


a 


Edge Reg(cas) 


1 


Reg-I(cas) 


1 


Module Column- 
Address Strobe Input 


fX 


fX 


fX 


fX 


iB 


a 


Edge -» Reg(cke) 


2 


Reg-I(cke) 


2 


Module Clock Enable Inputs 
1 per bank 


fX' 


fQ 


fX' 


fQ 


iB 




Edge -> Reg(dqm) 


1 


Reg-I(dqm) 


1 


Module Data/ 
Output Mask Enable Input 


(R 


fX 


fR 


fX 


iB 


a 


Edge -> Reg(ras) 


1 


Reg-I(ras) 


1 


Module Row-Address Strobe Input 


fX 


fX 


fX 


fX 


iB 


a 


Edge -¥ Reg(s) 


2 


Reg-I(s) 


2 


Module Chip Select Inputs 
1 per bank 


fX* 


fX* 


fX' 


fX' 


ID 


a 


Edge -» Reg(w) 


1 


Reg-I(w) 


1 


Module Write Enable Input 


fX 


fX 


fX 


fX 


iB 


a 


Edge -» CDC(clk) 


1 


CDC-I(clkin) 


1 


Module System Clock Input 


fX 


fX 


fX 


fX 


iC 


a 


Edge -> Buf(pde) 


1 


Buf-I(pde) 


2 


Module Presence 
Detect Enable Input 


fS 


fS 


fS 


fS 


iS 


a 


Edge -> Shunt(id) 


3 


Shunt-head(id) 
Shunt-tail(id) 


3 


Module Identification Output 


IT 


fT 


fT 


fT 


iT 


a 

X 


Edge <-» Shunt(in/out) 


2 


Shunt-head(in/out) 
Shunt-tail(in/out) 


1 


Module Physical Presence 
Detect Input/Output 


fU 


fU 


fU 


fU 


iT 




Edge <-> SDRAM(dq): 


72 


Resistor-head 


72 


Module Data Input/Data Output 
All SDRAM l/Os are driven 
through 1 0-ohm resistors 
to/from card edge 


fV 


fV 


fV 


fV 


IV 


a 


Edge «-» Resistor 


72 


Resistor-tail 


72 


fV 


fV 


fV 


fV 


IV 


d 


Resistor <-> SDRAM(dq) 


72 


SDRAM-l/0(dq) 


144 


fV 


fV 


fV 


fV 


iV 




Edge 


8 


Buf-O(pd) 


4 


Module Logical Presence 


fW 


fW 


fW 


fW 


iB 


a 


Detect Outputs 


fW' 


fW 


fW' 


fW 


Reg -» SDRAM(addr) 


12 


Reg-O(addr) 


12 


SDRAM Address 


fA 


fA 


fA 


fA 


iB 


b 


SDRAM-I(addr) 


216 


fA' 


fA' 


iA' 


Reg — » SDRAM(cas) 


1 


Reg-O(cas) 


1 


SDRAM Column-Address Strobe 


fX 


fX 


fX 


fX 


iB 


b 


SDRAM-I(cas) 


18 


fX'" 


fX'" 


iX'" 


Reg -4 SDRAM(cke) 


2 


Reg-O(cke) 


2 


SDRAM Clock Enable 
1 per bank 


fX' 


fQ 


fX' 


fQ 


iB 


b 


SDRAM-I(cke) 


18 


fX'" 


fQ' 


iX'" 


Reg -> SDRAM(dqm) 


1 


Reg-O(dqm) 


1 


SDRAM Data/Output Mask Enable 


fR 


fX 


fR 


fX 


iB 


b 


SDRAM-I(dqm) 


18 


fR' 


fX'" 


iX'" 


Reg -4 SDRAM(ras) 


1 


Reg-O(ras) 


1 


SDRAM Row-Address Strobe 


fX 


fX 


fX 


fX 


iB 


b 


SDRAM-I(ras) 


18 


fX'" 


fX'" 


iX"' 


Reg SDRAM(s) 


2 


Reg-O(s) 


2 


SDRAM Chip Select 
1 per bank 


fX' 


fX' 


fX' 


fX' 


iB 


b 


SDRAM-I(s) 


18 


fX'" 


fX'" 


iX'" 


Reg -» SDRAM(w) 


1 


Reg-O(w) 


1 


SDRAM Write Enable 


fX 


fX 


fX 


fX 


iB 


b 


SDRAM-I(w) 


18 


fX'" 


fX'" 


iX'" 



n/c = not considered; n/f = no fault 

t noise injected onto open inputs may cause intermittent/unexpected results 
$ assuming 100% node coverage 
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Table 2. Node/Solder-Joint Matrix With Card-Edge and In-Circuit Test Fault Classification (Continued) 













CLASSIFICATION OF 
SOLDER JOINT FAULTS 


LITY 


SIGNAL NODES 


NO. 


SOLDER JOINTS 


NO. 


DESCRIPTION 


CARD-EDGE 
(NO DFT) 


ICT 


ICT 
ESSIBI 












ssl 
L 


ssl 
H 


so/ 
LT 


so/ 
HT 


sot 


ACCI 


CDC -> SDRAM(clk) 


g 


CDC-O(clk) 


9 


SDRAM System Clock 


fX" 


fX" 


fX" 


fX" 


iC 


b/c 


SDRAM-I(clk) 


18 


fX"' 


fX'" 


iX'" 


CDC -> Reg(clk) 




CDC-O(clk) 


1 


Register System Clock 


fX 


fX 


fX 


fX 


iC 


b 


1 


Reg-I(clk) 




iD 


CDC -> CDC(fb) 


1 


CDC-O(fb) 


1 


CDC External Feedback 


fX 


fX 


fX 


fX 


iC 


b 




CDC-I(fb) 




iC 






Buf-I(pd) 




Buffer Input 
(Presence Detect) 
Tie-offs 










iB' 


d 


Buf <- Shunt(pd-I) 


4 


Shunt-head(pd) 


4 


fW 


fW 


fW 


fW 


iT 








Shunt-tail(pd) 












iT 


X 




OTHER 
SOLDER JOINTS 




















Reg-I(clken) 


1 


Reg Clock Enable (to be low) 


n/f 


fX 


n/f 


fX 


iD 


X 




Reg-I(NC) 


1 


Reg No-Connect (to be low) 


n/f 


n/f 


n/f 


n/f 


n/f 


X 




Reg-I(oe) 


1 


Reg Output Enable (to be low) 


n/f 


fX 


n/f 


fX 


iS 


X 




CDC-I(clr) 


1 


CDC Clear (to be low) 


n/f 


n/f 


n/ft 


n/ft 


n/ft 


X 




CDC-I(NC) 


1 


CDC No-Connect (to be low) 


n/f 


n/f 


n/f 


n/f 


n/f 


X 




CDC-I(oe) 


1 


CDC Output Enable (to be low) 


n/f 


fX 


n/f 


fX 


iS 


X 




CDC-I(sel) 


2 


CDC Select (to be low) 


n/f 


fY 


n/f 


fY 


iY 


X 




CDC-I(test) 


1 


CDC Test (to be low) 


n/f 


fZ 


n/f 


fZ 


iZ 


X 




SDRAM-I(NC) 


90 


SDRAM No-Connect (to be low) 


n/f 


n/f 


n/f 


n/f 


n/f 


X 




Buf-I(pd) 


4 


Buf Input 
(Presence Detect - to be low) 


n/f 


fW' 


n/f 


fW' 


iB 


X 




Reg-Power 


12 


Register Vcc/GND 


n/c 


n/c 


n/c 


n/c 


n/c 


X 




CDC-Power 


32 


CDC Vcc/GND 


n/c 


n/c 


n/c 


n/c 


n/c 


X 




SDRAM-Power 


216 


SDRAM Vcc/GND 


n/c 


n/c 


n/c 


n/c 


n/c 


X 




Buf-Povver 


2 


Buffer Vcc/GND 


n/c 


n/c 


n/c 


n/c 


n/c 


X 




Cap-head 


48 


Bypass Capacitors 


n/c 


n/c 


n/c 


n/c 


n/c 






Cap-tail 


X 


TOTAL 
SIGNAL NODES 


214 


TOTAL 
SOLDER JOINTS 


1175 





n/c = not considered; n/f = no fault 

t noise injected onto open inputs may cause intermittent/unexpected results 
t assuming 1 00% node coverage 



Because of its construction, the module typically is subject to such manufacturing defects and consequent assembly faults. As 
the majority of defects in fine-pitch surface-mount assemblies, especially those associated with process rather than human 
error, directly affect solder joints, the analysis presented in this paper addresses that issue. Columns 1 to 5 of Table 2 enumerate 
the signal nodes, their associated solder joints, and other solder joints (those associated with Vcc/GND nodes) in the module. 
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5. Fault Models 



For faults to be modeled or simulated - for coverage and diagnostic analysis among other purposes - they must be represented 
mathematically by abstraction through a logical model. Such logical models are called fault models. They constitute a basic 
set of assumptions that represent such faults. By such abstraction, the problem of modeling physical faults is reduced to a logical 
level that can represent the effects of physical faults on the behavior of the system. The process of fault analysis is also 
simplified by converting faults across several technologies into logical fault models that are independent of process. 

A fault model used pervasively in many sorts of test and DFT analysis is the single-stuck-at model, in which a single defective 
node is presumed to behave as if it were constantly held to a static low or high level. For our analysis, this model will be extended 
to comprehend faults resulting from defects in solder joints. 

Each solder joint can be faulty, either due to an open condition or a short condition. Thus, the single-stuck-at model is modified 
to cover both cases, resulting in the fault model detailed in Table 3. 

Table 3. Defined Solder-Joint Fault Model 



NOTATION 


FAULT NAME 


DESCRIPTION 


ss/L 


Solder-short/low 


Entire associated node stuck low 


ss/H 


Solder-short/high 


Entire associated node stuck high 


so/L 


Solder-open/low 


Pin is stuck low, independent of associated node 


so/H 


Solder-open/high 


Pin is stuck high, independent of associated node 



6. Test Methodologies 

Two categories of test are typically considered for manufacturing use: 

1 . Dynamic functional tests: tests defined in association with a functional and/or performance fault model. These test 
for faults, such as delay faults, that are associated with the performance of the system and are intended to demonstrate 
the suitability of the finished module to its intended function. 

2. Static structural tests: tests defined in association with a structural fault model. These methods test for gross 
interconnectivity issues. In-circuit test (ICT) is an example of a static structural test method. The solder-open/short 
faults of Table 3 would be susceptible to such methods. 

While the need for dynamic functional test is taken as a given, such analysis is beyond the scope of this paper. Such testing 
may in fact be required to detect certain classes of solder-open faults, such as those associated with bypass capacitors. However, 
the capability of such testing to diagnose or even detect structural defects is generally suspect. Therefore, the remaining 
analysis will focus exclusively on structural test goals. 

7. Card-Edge Test (Module Without DFT) 

As the subject module was designed solely for the purpose of demonstrating electrical performance characteristics of a buffered 
SDRAM DIMM, it was designed without any consideration for testability. Without such DFT, observability and controllability 
are limited to the primary (card edge) input/outputs (I/Os) of the module. This implies that for faults to be detected, such faults 
must be sensitized from the card-edge inputs and propagated through the entire module to the card-edge outputs. Diagnosis 
(isolation and location) of faults poses even greater difficulties, as many faults will produce the same syndrome at the 
primary VOs. 

The various fault syndromes resulting from modeled faults at each class of module solder joint are classified in columns 6-9 
of Table 2 and defined in Table 4. The latter table also details the number of patterns and/or read/write cycles to be applied, 
along with a brief description of algorithms and consequent diagnostic resolution. 

As shown in this analysis, many solder- joint faults produce common syndromes resulting in poor diagnostic resolution for 
structural faults when only card-edge access is provided. 
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Table 4. Card-Edge Test Fault Classification 









DIAGNOSTIC RESOLUTION 


FAULT 
CLASS 


nP^fiRiPTinN 

UCOwnlr 1 IwIM 


NUMBER PATTERNS FOR DETECTION/ISOLATION; 
(ALGORITHM) 


NO. 


NO. 
SOLDER 
JOINTS 


fA 


All-chip addressing fault 


2 *((N+1)w + (N+1)r) = 26w + 26r; 
(write to all-0 addr and to all addr with only 1 logic- 1 bit - read 
same; repeat for all-1 addr and all addr with only 1 logic-0 bit) 


19 


20 


fA' 


Single-chip addressing fault 




1 


1 


fQ 


Bank access-hold fault 


1wb + 1rb; (CKE low during read burst for access hold) 


10 


11 


(Q' 


Single-chip access-hold fault 




1 


1 


fR 


All-chip access-mask fault 


1wb + 1rb; (DQM high during read/write burst for data mask) 


19 


20 


fR' 


Single-chip access-mask fault 




1 


1 


fS 


Presence detect 
enable/disable fault 


2; (PDE low/high) 


■| 


1 


rr 


Identification output fault 


1 ; (static output) 


1 


2 


fU 


IN/OUT fault 


4; (IN low/high, OUT low/high) 


1 


2 


fV 


Dual-chip data fault 


2 * 2*72(1 w + 1r) = 288w + 288r; 
(walking-1 each bank, walking-0 each bank) 


3 


4 


fV' 


Single-chip data fault 




H 

I 


1 

I 


fW 


Presence detect 
output fault(1) 


1 ; (static output) 


2 


4 


fW 


Presence detect 
output fault(2) 


1 ; (static output) 


1 


1 


fX 


All-chip gross access fault 


1w + 1r; (any valid write /read access with any addr/data) 


20 


69 


fX' 


Bank gross access fault 




10 


22 


fX" 


Dual-chip gross access fault 




2 


3 


fX'" 


Single-chip gross access fault 




1 


7 


fY 


Clock multiply fault 


2*(1wb + 1 rb); (1 wb/rb to bankO, 1 wb/rb to bankl) 


1 


1 


fZ 


Clock PLL-bypass fault 


1w + 1r; (at freq. which will not result in phase-lock) 


1 


1 



8. Module DFT 

Design-for-test techniques are generally based on providing greater access to the module under test for the purpose of 
improving the degree to which the module function can be observed and controlled. Another way of looking at DFT is that 
it seeks to partition the larger module function into smaller functions that are easier to test. Several techniques for this are in 
common use today. The two that are considered in this paper are in-circuit test (ICT) and boundary scan. 

9. In-Circuit Test 

ICT is based on providing physical access to probe as many module nodes as possible and on ad-hoc circuit techniques that 
allow internal nodes to be safely controlled (as well as observed) by an external tester. The resulting test fixture is commonly 
called a "bed of nails" (or in the case of double-sided assembly such as the subject module, a "clam shell") and the required 
tester consists of a large number of high-drive parallel test channels. 

Generally, on fine-pitch SMT assemblies such as the subject module, provision for ICT requires placement of "test points" 
on which ICT probes may land. In some cases, the vias that are anyway present to route signals from outer layers to other layers 
may provide such test points. In other cases, vias must be added to bring signals to be accessed up from inner layer to outer layer. 
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Such placement of test points requires use of module "real estate" that may not be available. Generally, the finest available 
ICT probes (50-mil pitch) require test pads of 25 mils minimum width. 

While modifications to the module layout have not been specifically implemented, the module layout has been analyzed for 
placement of physical test points. The results by node are presented in column 11 of Table 2 according to the accessibility 
classes defined in Table 5. 



Table 5. In-Circuit Test Accessibility Classification 



ACCESSIBILITY 


DESCRIPTION 


CLASS 


a 


Accessible from module edge 


b 


Test points easily provided 


c 


Test points provided with difficulty 


d 


Test points difficult/impossible to provide 


X 


Accessible from module edge (Vcc/GND) 



With test points provided at all internal nodes, the module is quite controllable at the IC level. Since all ICs on the module 
provide means for placing their outputs at high impedance, the tester can safely disable any ICs that are not under test. The 
only provision that would be required for this is to add pull-down resistors at register and clock driver output-enable pins versus 
the direct tie to GND that is specified for the original module. 

Based on the presumed insertion of test points at all internal nodes except those in accessibility class d (quantity 31), full 
coverage and diagnostic of solder shorts are provided. The nodes excluded are indirectly accessible via shunt or resistor, and 
so their exclusion may somewhat reduce fault diagnostic, but not coverage. In case of solder opens, the consequent fault 
syndromes resulting at each class of module solder joint are classified in column 10 of Table 2 and are defined in Table 6. The 
latter table also indicates the consequent diagnostic resolution. 



Table 6. In-Circuit Test Fault Classification 



FAULT 
CLASS 


DESCRIPTION 


DIAGNOSTIC RESOLUTION 


NO. 

COMPONENTS 


NO. 
SOLDER 
JOINTS 


iA' 


Single-Chip Addressing Fault 




1 


iB 


Buffer Data Fault 




2 


iB' 


Buffer Data Fault (no access) 




3 


iC 


Gross Clock Output Fault 




2 


iC 


Single Clock Output Fault 




1 


iD 


Register Clock Fault 




2 


iS 


Output Enable Fault 




1 


iT 


Shunt/Resistor Fault 




2 


iV 


Memory Data Fault 




3 


iX'" 


Single-Chip Gross Access Fault 




7 


iY 


Clock Multiply Fault 




1 


iZ 


Clock PLL-Bypass Fault 




1 



As shown, the diagnostic resolution is remarkably improved (versus card-edge test), such that all single solder-stuck faults are 
generally diagnosable to the component and often to the pin level. Such a diagnostic provides the information necessary to 
improve process and repair failed boards for subsequent shipment. 
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10. Boundary-Scan Test 



Like ICT, boundary-scan test (BST), as standardized in IEEE Std 1 149. 1 (JTAG), is based on providing test access to as many 
module internal nodes as possible. Unlike ICT, boundary scan provides access by integrating digital test cells behind the pins 
of compliant ICs. Access to such boundary-scan cells for control and observation of the module is provided by a 4-wire test 
access port (TAP) at each compliant IC. Thus, the complex and expensive fixturing and automated test equipment (ATE) 
required for ICT is avoided. 

10.1 Boundary Scan at Register and Clock Driver 

Of the 31 internal nodes that are presumed to be ICT accessible, 21 are associated with the register (ALVCH162721) while 
10 are associated with the clock driver (CDC2586). Therefore, if the register and clock driver were replaced with suitably 
equivalent ICs with boundary scan, all ICT-covered nodes would be boundary-scan accessible, and thus, ICT could be 
eliminated without any consequent loss of fault coverage or diagnostic. 

Such equivalents or near equivalents to the ALVCH162721 are, or will be, available soon (such as LVTH182504A and/or 
ALVCH 182504, at an estimated additional cost of $5). Unfortunately, the authors are unaware of any clock drivers available 
or planned with boundary scan. If these were available (at an estimated additional cost of $3), then boundary scan would 
displace ICT, while requiring off-edge physical access only to the four TAP signals and using much less expensive ATE - all 
at an additional component cost that is barely 1% of the total cost of module materials. 

10.2 Boundary Scan at Register Only 

Even with boundary scan available only in the register, controllability and observability of the SDRAM ICs is provided, with 
the exception of the clock signals. Observability of one output of the clock driver is also provided. Therefore, if access to the 
TEST input of the CDC2586 were provided, the low-cost boundary-scan tester could source the module CLKIN signal so that 
it would be coordinated with boundary-scan operations to perform read/write cycles to the SDRAM array. By doing so, all 
interconnects to the SDRAMs can be tested with the same fault coverage and diagnostic capability provided by ICT. Access 
to only five off-edge signals is required (four TAP signals, plus the CDC2586 TEST input). 

10.3 Boundary Scan at SDRAM ICs 

Boundary scan in the SDRAMs would greatly impact the overall controllability/observability of the module such that 
diagnostic resolution would be improved over that provided by ICT. For example, where faults of class iX"' (single-chip gross 
access fault) occur in ICT, the boundary-scan facility on the SDRAM would be able to distinguish which of seven pins on the 
device were open. 

At this time, the authors are unaware of any available or planned offerings of SDRAMs with boundary scan. However, due 
to the large ratio of die size to I/O pins of such ICs, it is estimated that the silicon overhead for providing boundary-scan should 
be less than 5%. It is hoped that memory IC vendors will realize the benefit of scan-test techniques, not only for 
board/manufacturing test, but also to access built-in test capabilities of such ICs. 

10.4 Boundary Scan at Buffer 

As it has a very simple function on the module (drive static outputs), the octal buffer is the last device to warrant consideration 
for boundary scan. Still, the additional cost (estimated at $2) required to procure equivalent buffers with boundary scan would 
be minimal. 

10.5 Boundary Scan: Beyond Manufacturing Test 

A real advantage that boundary scan holds over any other manufacturing test or DFT approach is that it is built into the ICs 
and, thus, the module, and so is available for use when ATE is not. For example, it can be used for module test during burn-in 
or under other conditions where the module is not accessible by ATE. Additionally, if appropriate system-level access to 
boundary scan is provided, it can be used for in-system test, diagnostics, configuration, programming, emulation, etc. 
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11. Comparative Study 



Several metrics have been used to grade the different structural test methodologies outlined. A tabulation of the performance 
of the various test methodologies versus these metrics is given in Table 7. 

Table 7. Comparison of Test Methodologies 



METRIC 


CARD-EDGE 


ICT 


BST 


Fault coverage 


95%+ 


95%+ 


95%+ 


Fault diagnostic 


4 sol. joints 


2 sol. joints 


2 sol. joints 


Vector development 


100 per-hr 


30 per-hr 


15 per-hr 


Test pattern size 


1 Mb 


100 kb 


20 kb 


Test time 


0.1 s 


0.1 s 


0.1 s 


Tester cost 


$200k 


$400k 


$40k 



Fault coverage is the estimated percentage of faults that will be detected. Since the subject module is fairly simple structurally, 
it is expected that all test methods will obtain a high level of coverage. 

Fault-diagnostic capability is expressed as a weighted average of resolution in terms of solder joints. Excellent results from 
ICT and BST are typical, while the result for card-edge test belies the simple function of this module. 

Vector development effort is measured in terms of the estimated number of person-hours required to complete the test set. 
Boundary-scan test development is highly automated, while ICT is somewhat less so. On the other hand, card-edge test 
development tends to be manual. 

Test-pattern size is expressed in bits. With full BST, the vector set is on the order of log2 (number of module nodes). ICT vector 
sets will be somewhat longer, while card-edge vector sets can be very lengthy, in order to obtain desired fault coverage and 
diagnostic resolution. 

Test time is a factor of the number of vectors and the vector application time. BST uses a low vector bit rate, but due to the 
small number of vectors, performs quite adequately. ICT and card-edge testers can use much higher vector bit rates. 

Tester cost is estimated and is a function of performance (vector bit rate), number of test channels, etc. The small number of 
channels required for BST and modest performance requirements result in very inexpensive test systems. 

12. Conclusion 

Considering the metrics and discussion provided in the prior section, boundary-scan test is clearly a winning manufacturing 
test strategy, even for a module of modest functional complexity. Add to this the ability to reuse boundary scan during burn-in, 
and more importantly in fielded systems, and a small investment in additional component cost for boundary scan will reap 
dividends many times over throughout the product's life cycle. 



A-58 



References 

/ IEEE Std 1149. 1-1 990 (includ es IEEE Std 1149.1 a-1 993 ) Standard Test Access Port and Boundary-Scan Architecture. 
Institute of Electrical and Electronics Engineers, New York, 1993. 

2 JEDEC Std 21-C Configurations for Solid State Memories. Joint Electron Device Council, Electronic Industries 
Association, Arlington, VA, 1990, pp. 4-62-65. 

3 M. Abramovici, M. A. Breur, and A. D. Friedman, Digital System Testing and Testable Desig n. Computer Science Press, 
New York, 1990. 

4 J. H. Lau, Handbook o f Fine Pitch Surface Mount Technology. Van Nostrand Reinhold, New York, 1994. 

5 K. P. Parker, The Boundary-Scan Handbook. Kluwer Academic Publishers, Norwell, MA, 1992. 

6 R. P. Prasad, Surface Mount Technology - Principles and Practice. Van Nostrand Reinhold, New York, 1989. 

7 D. Bhavsar, "Testing Interconnects to Static RAMS, " IEEE Design & Test of Computers, IEEE Computer Society Press, 
Los Alamitos, CA, June 1991. 

8 M. Bullock, "Designing SMT Boards for In-Circuit Testability," Proceedings of the International Test Conference, 
Altoona, PA, 1987. 

9 W. T. Daniel, "Optimizing Fault Detection for Boundary Scan Testing," Integrated System Design, The Verecom Group, 
Los Altos, CA, September 1995, pp. 30-36. 

10 F.de Jong, A.J.de Lind van Wijngaarden, "Memory Interconnect Test atBoardLevel, " Proceedings of the International 
Test Conference, Altoona, PA, 1992. 

11 P. Hansen, "Testing Conventional Logic andMemory Clusters Using Boundary Scan Devices as Virtual ATE Channels, " 
Proceedings of the International Test Conference, Altoona, PA, 1989. 

12 A. W.Ley, "A Look at Boundary Scan from a Designer's Perspective," Proceedings of Electronic Design Automation & 
Test Asia Conference, Asian Electronics Engineer, Hong Kong, 1994. 

13 C. Maunder, F. Beenker, "Boundary Scan: A Framework for Structured Design-For-Test," Proceedings of the 
International Test Conference, Altoona, PA, 1987. 

14 M. Muris, A. Biewenga, "Using Boundary Scan Test to Test Random Access Memory Clusters," Proceedings of the 
International Test Conference, Altoona, PA, 1993. 

15 G. D. Robinson, J. G. Deshayes, "Interconnect Testing of Boards with Partial Boundary Scan," Proceedings of the 
International Test Conference, Altoona, PA, 1990. 

16 M.V. Tegethoff, T. W. Chen, "Sensitivity Analysis of Critical Parameters in Board Test," IEEE Design & Test of 
Computers, IEEE Computer Society Press, Los Alamitos, CA, Spring 1996. 

17 P. Wagner, "Interconnect Testing with Boundary Scan," Proceedings of the International Test Conference, Altoona, PA, 
1987. 

18 1994 16-Megabit Synchronous DRAM Technical Reference (SMOU001A ). Texas Instruments. 

19 1994 Boundary-Scan Logic Data Book (SCTD002 ). Texas Instruments. 

20 1994 Clock-Distribution Ci rcuits Data Book (SCAD004). Texas Instruments. 

21 1996 Semiconductor Group Package Outlines R eference Guide (SSYU001B) . Texas Instruments. 

22 SN74LVC244A product data sheet (SCAS414C), 1 996 Low Voltage Logic Data Book (SCBD003B ), Texas Instruments. 

23 TMS626802 product data sheet (SMOS182A), 1995 MPS Memory Data Book (SMYD095 ). Texas Instruments. 

24 CDC2586 product data sheet (SCAS337B), Texas Instruments. 

25 SN74ALVCH1 62721 product data sheet (SCBS055 ), Texas Instruments. 



A-59 



A-60 



A Proposed Method 
of Accessing 1149.1 
in a Backplane Environment 



Lee Whetsel 
Senior Member Technical Staff 
Semiconductor Group 



SCTA032 

Reprinted with permission from Proceedings of International Test Conference, 
Baltimore, Maryland, September 20-24, 1992. 
© 1992 IEEE 



, Texas 
Instruments 



A-61 



A-62 



A Proposed Method of Accessing 1149.1 in a Backplane Environment 



Lee Whetsel 
Texas Instruments Inc. 
P.O. box 869305, M/S 8407 
Piano, Texas 75086 



Abstract 



This paper presents a novel circuit and protocol that 
can be used in system backplanes to provide a 
connection method between backplane and board 
level IEEE 1149.1 serial buses. While the basic 
objective of this approach is to provide a simple 
1149.1 backplane to board connection method, it can 
be expanded to include other features, some of which 
are similar to those being developed in the IEEE 
P1149.5 and P1394 backplane serial bus standards. 

1.0 Introduction 

The concept of a simple, cost-effective serial bus 

Erotocol providing linkage between 1149.1 board and 
ackplane environments has been developed. This 
serial bus protocol operates on the backplane, using 
the signal wires denned in 1149.1, to address and 
select one of the boards in a backplane. Once 
selected, the board can be communicated to using 
the standard 1149.1 bus protocol. In general, the 
technique described in this paper can be applied to 
any type of bus. However, in this paper it is 
described as a feature added to the IEEE/ANSI 
1149.1 standard serial bus designed for boundary 
scan testing of ICs at the board level [1]. The author 
assumes the reader has a basic understanding of the 
1149.1 standard. 

The approach described in this paper is based on a 
unique protocol. This protocol can be embedded in 
existing serial bus protocols and invoked, during 
times when the buses are in an idle or non- 
operational state, to address and select a slave 
device for access by a serial bus master. After the 
protocol has been used to connect a serial bus slave 
up to a serial bus master, it relinquishes control of 
the bus, and allows the bus to revert back to its 
normal mode of operation. One of the advantages of 
this approach is that it does not require modifying 
the protocol of the serial bus it is used with. 
Therefore, upgrading a preferred or existing serial 
bus to include the connection method provided by 
the protocol can be less costly and time consuming 
than a complete redesign approach. 

The term "serial bus slave" used in this paper 
represents any logic module capable of being 
interfaced to and controlled by a serial bus master. 
While this papers describes serial bus slaves as 
being boards in a backplane, they could also be: 
sub-circuits in an IC, ICs on a multi-chip module, 
ICs on a board, backplanes in a subsystem, or 
subsystems in a system. The term "serial bus 
master" used in this paper represents any logic 



module capable of interfacing to and controlling a 
serial bus slave. While this paper will illustrate the 
serial bus master as existing on the backplane 
wiring, it actually exists either in a backplane board 
or aB an external tester connected to the backplane. 

2.0 Background 

As the use of 1149.1 continues to grow, more 
interest is being focused on how to access 1149.1 
board designs in a backplane environment. Several 
methods of accessing 1149.1 boards in a backplane 
environment have been proposed. The following is a 
brief description of each of these methods. 

2.1 Using 1149.1 at the Backplane Level 

The 1149.1 standard describes a 4-wire serial bus 
that can be used to transmit serial data between a 
serial bus master and slave device. The 1149.1 bus 
consists of a test mode select (TMS) signal, a test 
clock (TCK) signal, a test data output (TDO) signal, 
and a test data input (TDD signal. The TMS and 
TCK signals are output from the master and input 
to the slave. The TDO output from the master is 
input to the TDI input of tne slave, and the TDO 
output from the slave is input to the TDI input of 
the master. During serial access, the master 
outputs control on TMS and clock on TCK to allow 
serial data to be transferred between the master and 
slave, via the TDO and TDI bus connections. 

While 1149.1 was developed to serially access ICs on 
a board, it can be used at the backplane level to 
serially access boards. 1149.1 has two serial access 
configurations, referred to as "ring" and "star", that 
can be used at the backplane level. The following 
describes both configurations and identifies 

firoblems with each when used at the backplane 
evel. 

2.1.1 1149.1 Backplane Ring Configuration 

In a backplane 1149.1 ring configuration, all boards 
directly receive the TCK and TMS control outputs 
from a primary serial bus master (PSBM) and are 
daisy chained between the PSBM's TDO output and 
TDI input. During scan operation, the PSBM 
outputs control on TMS and TCK to scan data 
through all boards in the backplane, via its TDO and 
TDI bus connections. The problem associated with 
the ring configuration, is that the scan operation 
only works if all the boards are included in the 
backplane and are operable to scan data from their 
TDI input to TDO output. If one of the boards is 
removed or has a fault, the PSBM will be unable to 
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scan data through the backplane. Since the ring 
configuration does not allow access to remaining 
boards when one is removed or disabled, it does not 
fully meet the needs of a backplane serial bus. 

2.1.2 1149.1 Backplane Star Configuration 

In a backplane 1149.1 star configuration, all boards 
directly receive the TCK and TDI signals from the 
PSBM and output a TDO signal to the PSBM. Also 
each board receives a unique TMS signal from the 
PSBM. In the star configuration only one board is 
enabled at a time to be serially accessed by the 
PSBM. When a board is enabled, the TMS signal 
associated with that board will be active while all 
other TMS signals are inactive. The problem with 
the star configuration is that each board requires its 
own TMS signal. In a backplane with 50 boards, the 
PSBM would have to have 50 individually 
controllable TMS signals, and the backplane would 
have to have traces for each of the 50 TMS signals. 
Due to these requirements, star configurations are 
typically not considered for backplane applications. 

2.2 Interfacing 1149.1 to other IEEE Buses 

Two IEEE serial bus standards, P1149.5 and P1394, 
are in development for use in system backplanes. 
Since these standards are being specifically designed 
for backplane applications, they overcome the 

groblems stated using 1149.1 as a backplane bus. 
[owever, the protocols of these anticipated 
standards are different from the 1149.1 protocol and 
therefore methods must be defined to translate 
between them and 1149.1. The following sections 
describe each backplane bus and identify problems 
with each when used to interface into 1149.1 board 
environments. 

2.2.1 Interfacing PI 149.5 to 1149.1 

The PI 149.5 standard working group is defining a 
module test and maintenance bus that can be used 
in system backplane environments [2.3]. P1149.5 is 
a single master/multiple slave bus defined by a 5- 
wire interface. Two of the wires are used for 
transferring serial data between the bus master and 
slave devices, one wire is used as a clock, one wire is 
used to control the operation of the bus, and one 
wire is used as a pause request from a slave to the 
master. The P1149.5 bus master initiates a data 
transfer operation by transmitting a data packet to 
all slave devices. The data packet consists of an 
address and command section. The slave device 
with a matching address is enabled to respond to the 
command section of the data packet as described in 
the P1149.5 standard proposal. 

While the P1149.5 is a good data transfer type 
backplane bus for high-end commercial and military 
systems, its capabilities may exceed the 
requirements of some middle and low-end 
commercial systems that don't require or support its 
command set. Interfacing P1149.5 into an 1149.1 



environment can be done but the system hardware 
and software designers must have an understanding 
of both bus types. One of the problems, therefore, in 
using P1149.5 to only interface into an 1149.1 
environment, is that it adds an unnecessary 
complication to an otherwise simple serial access 
approach. Another problem is that the bandwidth of 
the 1149.1 serial data transfer may be adversely 
affected by the P1149.5 to 1149.1 protocol conversion 
process. 

2.2.2 Interfacing P 1394 to 1149.1 

The P1394 standard working group is defining a 2- 
wire high-speed serial bus that can be used in either 
a cable or system backplane environment [4]. The 
P1394 standard, unlike P1149.5, is not a single 
master/multiple slave type bus. In P1394, all 
devices (nodes) connected to the bus are considered 
to be of equal mastership. Control of the bus is 
achieved by one node winning an arbitration contest 
with the other nodes in the network. Once a node 
wins control of the bus, it can transfer data to or 
from any other node in the network. The fact that 
P1394 can operate on a 2-wire interface makes this 
bus attractive in newer 32-bit backplane standards 
where only two wires are reserved for serial 
communication [6,6,7,8], However, there are 
problems in using P1394 as a backplane test bus to 
access 1149.1 board environments. 

The first problem is that P1394 is significantly more 
complex in operation than 1149.1, thus devices 
designed to translate between P1394 and 1149.1 
may oe costly. The second problem is that P1394 is 
not a full time test bus, but rather it is a general 
purpose serial communication bus. Its primary 

Oose in a backplane environment is to act as a 
up interface in the event the parallel interface 
between boards becomes disabled. While 1149.1 test 
access can be achieved via P1394, it will be available 
only during time slices when the bus is not handling 
functional operations. Thus . on-line 1149.1 test 
access will be limited and must be coordinated with 
other transactions occurring on the P1394 bus. 

2.3 Extending 1149.1 for Backplane Usage 

Another method of achieving a backplane to board 
level interface is to extend the protocol defined in 
the 1149.1 standard. Such an approach has been 
described in a paper presented at the 1991 
International Test Conference by D. Bhavsar [9]. 
While the approach described in the paper has the 
same basic goal in mind as the one presented in this 
paper, they are fundamentally different in the 
method used to achieve the goal. 

The Bhavsar paper describes a method of extending 
the protocol of 1149.1 to where it can be used to 
access an interface circuit residing between the 
backplane and board level 1149.1 buses. The 
interface circuit responds to 1149.1 protocol 
transmitted over the backplane bus to load an 
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address. If the address matches the address of the 
interface circuit, the interface circuit is connected to 
the backplane. After the interface circuit is 
connected to the backplane, additional 1149.1 
protocol is input to the interface circuit to connect 
the backplane and board level 1149.1 buses. 
Following this connection procedure, the board level 
1149.1 bus can be controlled by the backplane 
1149.1 bus. While Bhavsar's approach is an 
interesting one, it has one problem that limits its 
effectiveness as a general purpose 1149.1 backplane 
to board interfacing method. 

The problem is that the approach does not allow for 
selecting one board, then selecting another board 
without first resetting the backplane and board level 
1149.1 buses, by transitioning them into their test 
logic reset (TLRST) state. Entering the TLRST 
state causes test conditions setup in the ICs of a 
previously selected board to be lost due to the test 
reset action of the 1149.1 bus on the test access 
ports (TAPs) of the ICs. 

For example, if the interconnects between two 
boards are to be tested, it is necessary to select and 
setup one of the boards to output a test pattern, 
then select the other board to receive the test 
pattern. With the described approach, the only way 
to select the second board, after the first board has 
been selected and setup, is to place the backplane 
serial bus in its TLRST state. The action of placing 
the backplane 1149.1 bus in it TLRST state clears 
out the test pattern setup in the first selected board, 
so the second selected board cannot receive the 
intended test pattern. 

In another example, it may be desirable to select 
and initiate self-testB in a selected group of 
backplane boards. However, since the approach 
requires resetting the 1149.1 bus each time a new 
board is selected, it is impossible to self-test more 
than one board at a time, because resetting the bus 
aborts any previously initiated self-test. 

3.0 A New Backplane Access Approach 

The backplane access approach described in this 
paper provides a method of using the 1149.1 bus at 
the backplane level without incurring the problems 
previously described. Using this approach, it is 
envisioned that one homogeneous serial bus may be 
used throughout a system design, rather than 
translating between multiple serial bus types. 
Employing a common serial bus in system designs 
can simplify software and hardware engineering 
efforts, since only an understanding of one bus type 
io required. 

A circuit, called an addressable shadow port (ASP), 
and a protocol, called a shadow protocol, have been 
defined to provide a simple method of directly 
connecting 1149.1 backplane and board buses 
together. When the 1149.1 backplane bus is in 
either its run test/idle (RT/IDLE) or TLRST state, 



the ASP can be enabled, via the shadow protocol, to 
connect a target board's 1149.1 bus up to the 
backplane 1149.1 bus. After the shadow protocol 
has been used to connect the target board and 
backplano buses together, it is disabled and becomes 
transparent to the operation of the 1149.1 bus 
protocol. 

A board example using the ASP is shown in Figure 
1. The board consists of multiple ICs and an ASP. 
The ICs operate, when connected to the 1149.1 
backplane bus, via the ASP, as described in the 
1149.1 standard. The ASP has a primary port for 
connection to the backplane 1149.1 bus, a secondary 
port for connection to the board 1149.1 bus, and an 
address input. The primary port signals are labeled; 
PTDI, PTDO, PTCK. and PTMS. The secondary 
port signals are labeled; STDI, STDO, STCK, and 
STMS. The address input to the ASP is a binary 
value used to identify the board on which the ASP 
mounted. 
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FIGURE 1 Board Using ASP Circuit 

In Figure 2, multiple boards, similar the one in 
Figure 1, are shown interfaced to a PSBM via ASPs. 
When one of the boards needs to be accessed, the 
PSBM transmits a selection shadow protocol, called 
a select protocol, to address and enable the ASP of 
the selected board. The PSBM transmits the select 
protocol while the backplane 1149.1 bus is in either 
the RT/IDLE or TLRST state. The select protocol 
contains an address that is used to match against 
the address input to the ASP. All ASPs receive the 
select protocol, but only the one with the matching 
address is selected. 

In response to the select protocol, the selected ASP 
transmits an acknowledgement shadow protocol, 
called an acknowledge protocol, to the PSBM to 
verify reception of the select protocol. The 
acknowledge protocol contains the address of the 
selected ASP to allow the PSBM to verify the correct 
ASP was selected. After transmitting the 
acknowledge protocol, the selected ASP makes a 
connection between its primary and secondary ports. 
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In response to the acknowledge protocol, the PSBM 
communicates to the selected board using the 1149.1 
bus protocol. If the PSBM does not receive an 
acknowledge protocol, it assumes the board has been 
removed or is disabled and will not attempt to 
communicate to it using the 1149.1 protocol. 
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FIGURE 2 Backplane ASP Connections 

After the PSBM completes its 1149.1 access of the 
currently selected board, it can output a new select 
protocol to select another board's ASP. In response 
to the new select protocol, the newly selected ASP 
transmits an acknowledge protocol back to the 
PSBM, then connects its primary and secondary 
ports. Also in response to the new select protocol, 
the previously selected ASP breaks the connection 
between its primary and secondary ports. The 
disconnecting ASP remains in the state the 
backplane 1149.1 bus was in when the disconnect 
occurs, i.e. the 1149.1 RT/IDLE or TLRST state. 
The ability to disconnect and leave a board level 
1149.1 bus in the RT/IDLE state is very important 
since it allows leaving a board in a test mode while 
other boards are being selected and accessed. 

A key objective in developing this backplane access 
approach was designing the select and acknowledge 
protocols so that tney could be transmitted, via the 
4-wire 1149.1 bus, without infringing upon the 
1149.1 bus protocol. This objective was met by 
specifying that the select and acknowledge protocols 
could not use the 1149.1 TMS signal, and that the 

Erotocols could only be transmitted while the 1149.1 
us is idle in its RT/IDLE state or reset in its 
TLRST state. 

In the RT/IDLE and TLRST states, TDO and TDI 
are disabled and pulled high (via pull-ups on TDI), 
TCK free runs, and TMS is held at either a logic 
zero or one state. While the 1149.1 bus is in one of 
these two states, the PSBM can output the select 
protocol from the PSBM's TDO output to the PTDI 
inputs of the ASPs, and receive the acknowledge 
protocol from the selected ASFs PTDO output on 
the PSBM's TDI input. Since the 1149.1 bus is 
inactive, the transmission of the select and 



acknowledge protocols is transparent to the 1149.1 
bus, and does not infringe upon its protocol. 

3.1 Design of Select/Acknowledge Protocols 

To transmit the select and acknowledge protocols 
without using the TMS control signal, a bit-pair 
signaling method was designed to allow control and 
data to be transmitted together on a single wiring 
channel. During select protocols, the bit-pair 
signaling method allows the PSBM to transmit 
contr ol and data from its TDO output to the ASP'S 
PTDI input During acknowledge protocols, the bit- 
pair signaling method allows the selected ASP to 
transmit control and data from its PTDO output to 
the PSBM's TDI input. Both protocols include 
control to indicate: an idle condition, a start data 
transfer condition, and a stop data transfer 
condition. In addition, both protocols include a 
method of transmitting data during the interval 
between the start and stop data transfer conditions. 

The bit-pair signals are output from the 
transmitting device (PSBM or ASP) on the falling 
edge of the TCK and input to the receiving device 
(PSBM or ASP) on the rising edge of the TCK. Since 
this timing is consistent with 1149.1 timing, 
upgrading a PSBM to support this approach is 
simply a matter of forcing the TMS output to hold 
its present state ("0" for RT/IDLE and "1" for 
TLRST) while using normal 1149.1 scan operations 
to transmit and receive the select and acknowledge 
protocols. The simplicity of this approach makes it 
an attractive addition to the 1149.1 test bus. The 
bit-pair signals used in the select and acknowledge 
protocols are defined in the following list 

Idle Bit-Pair - an encoded control signal (I) identified by 
the transfer of two successive logic one bits from a 
transmitter to a receiver. 

Select Bit-Pair - an encoded control signal (S) identified by 
the transfer of two successive logic zero bits from a 
transmitter to areceiver. 

Logic 1 Bit-Pair - an encoded logic one signal (D) 
identified by the transfer of a logic zero bit followed by a 
logic one bit from a transmitter to a receiver. 

Logic 0 Bit-Pair - an encoded logic zero signal (D) 
identified by the transfer of a logic one bit followed by a 
logic zero bit from a transmitter to a receiver. 

3.2 Framing of Select/Acknowledge Protocols 

A diagram of the select and acknowledge protocols 
being transmitted while the 1149.1 bus is in its 
RT/IDLE state is shown in Figure 3. The T signals 
shown in the protocol sequence indicate when the 
TDO to PTDI and PTDO to TDI wiring channels are 
tristate and pulled high. The first sequence framed 
between the first and second I signals is the select 
protocol output from the PSBM to the ASP (TDO to 
PTDI). The second sequence framed between the 
first and second I signals is the acknowledge 
protocol output from the selected ASP to the PSBM 
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(PTDO to TDD. The select protocol always precedes 
the acknowledge protocol as shown in the diagram. 
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Select Protocol Starts 
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Acknowledge Protocol Starts - 
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1 149.1 Bus can be activated. 



receiver is only enabled when the backplane 1149.1 
bus is in the RT/IDLE or TLRST state. 

The receiver's controller determines when a first "I- 
S-D" signal sequence occurs on PTDI, indicating the 
start of a select protocol and address input. In 
response to this input sequence, the controller 
enables the SIPO to receive the serial address input 
on PTDI. The controller determines when a first 
"D-S-r.3ignal sequence occurs on PTDI, indicating 
the end of the address input and select protocol. In 
response to this input sequence, the controller 
signals the slave control circuit, via the status bus, 
to read the address, then terminates the select 
protocol input operation. 



FIGURE 3 Select and Acknowledge Protocols 

The I signal at the beginning of each protocol is 
designed to be indistinguishable from the preceding 
T signals. This avoids unintentional entry into a 
select or acknowledge protocol when the 1149.1 bus 
enters the RT/IDLE state after a scan operation. 
However, the I signal at the end of each protocol is 
designed to be distinguishable from the preceding S 
and D signals so that it can be used to terminate the 
protocol. Inside each protocol, first and second S 
signals are used to frame the address which is 
defined by a series of D signals. The logic zero and 
one D signals are distinguishable so that the binary 
address can be recovered. 

3.3 ASP Circuit Description 

A circuit example of the ASP is shown in Figure 4. 
The ASP consists of a receiver circuit (RCR), a 
transmitter circuit (XMT), a slave control circuit, 
multiplexers (MXl and MX2), a power up reset 
circuit (PRST), and a reset address (RSTA). The 
primary port signals (PTDI, PTMS, PTCK, PTDO) 
connect to the backplane level 1149.1 bus. The 
secondary port signals (STDO, STMS, STCK, STDI) 
connect to the board level 1149.1 bus. The address 
input bus receives the board address. 

3.3.1 ASP Receiver Circuit 

The rocoivor circuit consists of a controller and a 
serial input/parallel output (SIPO) register. The 
PTDI signal from the PSBM is input to the 
receiver's SIPO register to supply the serial address 
during select protocols, and input to the receiver's 
controller to regulate the receiver during select 

grotocols. The parallel address output from the 
IPO is input to the slave control circuit via the 
address input (AI) bus. The status output from the 
receiver is input to the slave controller circuit to 
indicate when a select protocol has started, when 
the address is ready to read, and when the select 
protocol has completed. The control bus input to the 
receiver from the slave control circuit enables the 
receiver to respond to a select protocol input. The 
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FIGURE 4 ASP Circuit Example 

3.3.2 ASP Transmitter Circuit 

The transmitter circuit consists of a controller and a 
parallel input/serial output (PISO) register. The 
transmitters PISO register receives parallel data 
from the slave control circuit via the address output 
(AO) bus, and outputs the address serially to the 
PTDO output via the acknowledge protocol output 
(APO) signal and MXl. The transmitter's controller 
receives control input from the slave control circuit 
via the control bus, and outputs status to the slave 
control circuit via the status bus. The control input 
regulates the parallel to serial conversion process 
that takes place during the acknowledge protocol. 
The control input only enables the transmitter to 
output an acknowledge protocol when the backplane 
1149.1 bus is in the RT/IDLE or TLRST state. The 
status output informs the slave control circuit of the 
transmitters status, i.e. whether the acknowledge 
protocol is in progress or complete. 

At the beginning of an acknowledge protocol, the 
slave control circuit enables MXl ana the 3-state 
buffer (3SB) to pass the APO signal from the 
transmitter to the PTDO output. The slave control 
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circuit then inputs the board address to the 
transmitter via the AO bus. In response to the 
address input, the transmitter outputs an I and S 
signal on PTDO to start the acknowledge protocol, 
then transmits the address on PTDO. After the 
address is shifted out, the transmitter circuit 
outputs an S and I signal sequence to stop the 
acknowledge protocol. 

3.3.3 ASP Slave Control Circuit 

The slave control circuit regulates the operation of 
the transmitter, receiver, and multiplexers during 
select and acknowledge protocols. The slave control 
circuit is clocked bythe PTCK input from the 
primary port. The PTMS input from the primary 
port indicates to the slave control circuit when the 
1149.1 bus is busy, idle or reset. While the 
backplane bus is idle (RT/IDLE) or reset (TLRST). 
the slave control circuit enables the transmitter ana 
receiver circuits. The Btatus buses from the receiver 
and transmitter circuits are used to input status to 
the slave control circuit. The AI bus from the 
receiver inputs the address received during select 
protocols. The AO bus from the slave control circuit 
outputs the board address to the transmitter during 
acknowledge protocols. The address input from the 
reset address (RSTA) allows resetting the ASP in 
response to a reset address input during a select 
protocol. The input from the power up reset circuit 
(PRST) allows resetting the ASP at power up. 

During select protocols, the slave control circuit 
receives parallel address input from the receiver via 
the AI bus. The slave control circuit compares the 
received address against the board address. If the 
addresses match, the ASP responds by outputting 
an acknowledge protocol. 

During the acknowledge protocol, the slave control 
circuit outputs control to the transmitter to load the 
board address and initiate the acknowledge protocol. 
After the acknowledge protocol has been 
transmitted, the slave control circuit outputs control 
to connect the primary and secondary ports. 

3.4 Resetting the ASP 

When power is first applied to the ASP, the slave 
control circuit is reset by input from the power-up 
reset circuit (PRST). When reset, the transmitter 
and receiver circuits are initialized and the primary 
and secondary ports are disconnected by disabling 
the STDO and PTDO outputs and setting the STMS 
output high. The STCK output always outputs the 
PTCK input. If desired, a reset input could be used 
to reset the ASP as well. 

The ASP can also be reset by inputting a select 
protocol with an address that matches the reset 
address (RSTA) inside the ASP. If the address input 
matches the reset address, the ASP is reset to the 
same state as described in the power-up reset. The 
reset address is the same for all ASPs so that a 



global reset of all ASPs can be achieved by the 
transmission of a single select protocol containing 
the reset address. The reset adores s is unique from 
the board addresses. A preferred value for the reset 
address is zero, since board addressing will usually 
start with an address of one. An acknowledge 

E rotocol is not transmitted after a reset address has 
een received, to avoid contention on the PTDO 
outputs of multiple ASPs. 

3.5 Disconnecting a Selected ASP 

When 1149.1 access to another board is required, a 
new select protocol is issued from the PSBM. When 
the previously selected ASP receives the new select 
protocol its primary and secondary ports are 
disconnected. If the new select protocol was issued 
while the backplane 1149.1 bus was in its RT/IDLE 
state (PTMS=0), MX2 of the disconnecting ASP 
outputs a logic zero on STMS, to force the board 
level 1149.1 bus to remain in the RT/IDLE state. If 
the new select protocol was issued while the 
backplane 1149.1 bus was in its TLRST state 
(PTMS=1), MX2 of the disconnecting ASP outputs a 
logic one on STMS, to force the board level 1149.1 
bus to remain in the TLRST state. Once again, the 
ability to maintain the RT/IDLE state on a 
disconnected board is very important because it 
allows tests to be setup and executed on more than 
one board at a time. 

3.6 Advantages in Using ASPs 

When comparing the described 1149.1 star 
configuration against the ASP configuration of 
Figure 2, it is clear that the ASP approach 
eliminates the need for additional TMS signals 
required by the star configuration. Thus the ASP 
provides a method of overcoming the problem stated 
for the 1149.1 star configuration. 

Also, when comparing the use of different backplane 
buses to interface into 1149.1 board environments vs 
using the ASP, it is clear that the ASP does not 
require use of sophisticated, and bandwidth 
reducing translation circuitry. Thus the ASP 
provides a method of overcoming the problems 
related with using different backplane buses to 
access 1149.1 board environments. 

Further, since the select and acknowledge protocols 
can be transmitted while the 1149.1 bus is in either 
the RT/IDLE or TLRST states, the board being 
disconnected can be left in either an idle or reset 
state. Thus the ASP provides a method of 
overcoming the forced-reset-on-disconnect problem 
associated with the approach described by Bhavsar. 

4.0 Commandable ASPs 

In small backplanes, a single centralized PSBM may 
be all that is necessary to serially access boards for 
test and maintenance operations. However, as the 
number and complexity of boards in a backplane 
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grows, the serial access task increases to where a 
single centralized PSBM cannot handle the task in a 
timely manner. Anticipating the need for 
distributed test control, the ASP can be expanded to 
includo a connection method and command sot to 
enable board resident remote SBMs (RSBM) to 
autonomously test boards. 

The addition of a command set. enables the ASP to 

Eerform other features in addition to its basic 
ackplane to board connection function. Some of the 
commandablo fonturoo includo; (1) a mothod of 
connecting RSBMs to the board level 1149.1 bus, (2) 
a method of commanding RSBMs to independently 
test boards. (3) a method of non-intrusively 
monitoring the status of a remote test operation, 
and (4) a method of transferring data between a 
board resident memory and PSBM. The ASFs data 
transfer method achieves the same goal as the data 
transfer methods used in the Pi 149.5 and P1394 
standard proposals. These commandable features 
further improve the ASP3 ability to oerve, in 
combination with 1149.1, as a system backplane test 
bus. 
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memory. If required, additional I/O ports may bo 
added to the CASP to provide parallel interfaces to 
other memories or I/O devices. 

4.1 Expanded Select Protocol 

To allow commands to bo input to the CASP, the 
select protocol is expanded to allow for command 
transfer. In the ASP, a select protocol was defined 
by the transfer of a first I signal to start the select 
protocol, followed by the transfer of an address 
frame (of D signals) bounded by first and second S 
signals, followed by a second I signal to stop the 
select protocol. The select protocol of'the CASP 
follows this format but expands the definition of the 
address frame into what is referred to as a message 
frame. 

The select protocol message frame consists of a 
header containing an address (ADD) and command 
(CMD) field, ana a cyclic redundancy check (CRC) 
field. The address field selects the CASP, the 
command field commands the CASP, and the CRC 
field is used for error detection. All fields within the 
message frame arc separated by an S signal. The 
message frame may includo optional fields between 
the header and the CRC field, as required by the 
command being sent. While tho framing mothod 
allows fields to be transferred in either a fixed or 
variable D signal length, a fixed length field is 
preferred because it simplifies memory 
packing/unpacking operations, and improves error 
detection using simple signal counting techniques. 

In Figure 6, exampleu of tho two types of CASP 
select protocols are shown. Type 1 has a message 
frame containing the header's ADD and CMD fields, 
and the CRC field. Type 2 has a message frame 
containing the header's ADD and CMD fields, 
optional fields (OF) 1-N, and the CRC field. 
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FIGURES CASP Circuit Application 

In Figure 5, a board is shown consisting of 
functional ICs (1-n), a commandable ASP (CASP), 
and a RSBM. The RSBM consists of a processor for 
executing local test programs, a memory for storage 
of test programs and data, an interrupt port, and an 
1149.1 master interface port. The RSBM's processor 
and memory can either be dedicated for test or 
shared with the system logic on the board. Tho 
CASP consists of an 1149.1 primary port (PP) for 
interfacing to the backplane PSBM, an 1149.1 
secondary port (SP) for interfacing to the functional 
ICs, an 1149.1 remote port (RP) for interfacing to 
the RSBM's master interface port, an interrupt port 
(IP) for interfacing to the RSBM's interrupt port, 
and an I/O port (IOP) for interfacing to the RSBMs 
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FIGURE 6 Expanded Select Protocols 

In response to receiving either select protocol type (1 
or 2) from the PSBM, the CASP checks it3 address 
against the received address field. If the addresses 
do not match, tho CASP ignores the remainder of 
the select protocol and does not send an 
acknowledge protocol. If the addresses match, the 
CASP checks the command field against a set of 
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known commands to see what operation is to be 
performed. In response to an unknown command, 
the CASP ignores the remainder of the select 
protocol, sets a command error bit in its status 
register, then sends an appropriate acknowledge 
protocol type (1 or 2) to the PSBM, to indicate the 
command error. In response to a known command, 
the CASP receives the remainder of the select 
protocol, then matches the received CRC field 
against a CRC it calculates on the data received in 
the select protocol. If the CRCs do not match, the 
CASP ignores the command, sets a CRC error bit in 
its status register, then sends an appropriate 
acknowledge protocol type to the PSBM, to indicate 
the CRC error. If the CRCs match, the CASP sendB 
an appropriate acknowledge protocol type to the 
PSBM, to indicate that an error-free select protocol 
was received. 

4J2 Expanded Acknowledge Protocol 

To allow the PSBM to verify that the command 
input to the CASP was received correctly, the 
acknowledge protocol is expanded to allow for status 
transfer. In the ASP, the acknowledge protocol was 
defined by the transfer of a first I signal to start the 
acknowledge protocol, followed by the transfer of an 
address frame bounded by first and second S signals, 
followed by a second I signal to stop the 
acknowledge protocol. The acknowledge protocol of 
the CASP follows this format but expands the 
definition of the address frame into a message 
frame. 

The acknowledge protocol message frame consists of 
a header containing an address (ADD) and status 
(STS) field, and a CRC field. The address field 
identifies the CASP, the status field informs the 
PSBM of the CASP status, and the CRC field is used 
for error detection. All fields within the message 
frame are separated by an S signal. The message 
frame within the acknowledge protocol may include 
optional data fields between the header and the 
CRC field, if required by the command sent in the 
previous select protocol. 
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FIGURE 7 Expanded Acknowledge Protocols 

In Figure 7, examples of the two types of CASP 
acknowledge protocols are shown. Type 1 has a 



message frame containing the header's ADD and 
STS fields, and the CRC field. Type 2 has a message 
frame containing the header's ADD and STS fields, 
optional fields (OF) 1-N, and the CRC field. 

In response to receiving either acknowledge protocol 
type (1 or 2) from the CASP, the PSBM checks that 
the correct address field was received, then checks 
the status field for errors. After checking the 
address and status fields, the PSBM receives the 
remainder of the acknowledge protocol. At the end 
of the acknowledge protocol, the PSBM matches the 
received CRC field against a CRC it calculates on 
the received data. If the correct address field was 
received, the status field indicates no errors, and the 
CRCs match, the PSBM is assured that the CASP 
has properly received and executed the command 
sent in the previous select protocol. If a failure 
occurred in the address or status field test, the 
PSBM knows that the CASP did not properly receive 
the previous command select protocol. If the 
address and status fields test passed, but a CRC 
error occurred, the PSBM knows that an' error in the 
optional data fields following the header fields 
occurred. In response to an acknowledge protocol 
error, the PSBM can resend the command via 
another select protocol. 

4.3 Pausing During a Protocol Transfer 

During the transmission of a Type 2 select or 
acknowledge protocol it may be necessary to pause 
the transfer of fields within the message frame, due 
to memory limitations of the PSBM and/or CASP. 
For example, if a large number of optional fields is 
being sent, the transmitting or receiving device may 
not nave sufficient memory to allow all the message 
frame fields to be transferred at one time. It is 
necessary, therefore, to provide a method of pausing 
the transfer of message frame fields so that the 
memories of the transmitter and receiver can be 
periodically downloaded from or uploaded to a larger 
memory, such as a disk drive. 

A pausing capability can be easily realized by 
having the transmitting device (PSBM or CASP) 
output additional S signals following the S signal 
that separates the fields. Using this approach, 
pausing can occur between any two field frames. 
The length of the pause is determined by the 
number of additional S signals output from the 
transmitter. The transferring of fields within the 
message frame is resumed when the transmitting 
device outputs a D signal to start the next field. 

4A CASP Command Set 

The following commands form the basic CASP 
command set. Some of the commands support 
connecting the CASPs secondary port up to either 
the primary or remote port, while other commands 
support data transfer operations between a PSBM 
and a board resident memory, via the CASP's I/O 
port. Other commands can be added as required. 
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4.4.1 Connect PSBM Command 

When the PSBM needs to access the board ICs, it 
sends a connect PSBM command to the CASP via a 
type 1 select protocol. In response to the connect 
PSBM command, the CASP sets the "PSBM 
connected" status bit, sends a replv to the PSBM 
using a type 1 acknowledge protocol, then connects 
its primary and secondary ports. 

After receiving the acknowledge protocol from the 
CASP and verifying the "PSBM connected" status 
bit is set, the PSBM can access the board ICs using 
the 1149.1 bus protocol. After the connect PSBM 
command has been input to the CASP, other 
commands that do not effect the connection between 
the primary and secondary ports, such as the read 
and write commands, can bo input to and executed 
by the CASP. 

4.4.2 Disconnect PSBM Command 

When the PSBM completes its access of the board 
ICs, it sends a disconnect PSBM command to the 
CASP via a type 1 select protocol. In response to the 
disconnect PSBM command, the CASP resets the 
"PSBM connected" status bit, sends a reply to the 
PSBM using a type 1 acknowledge protocol, then 
disconnects its primary and secondary ports. After 
receiving the acknowledge protocol from the CASP, 
the PSBM verifies the "PSBM disconnected" status 
bit has been reset 

4.4.3 Connect RSBM Command 

When the PSBM requires the RSBM to access the 
board ICs, it sends a connect RSBM command to the 
CASP via a type 1 select protocol. In response to the 
connect RSBM command, the CASP sets the "RSBM 
connected" status bit, sends a replv to the PSBM 
using a type 1 acknowledge protocol, then connects 
its remote and secondary ports. After receiving the 
acknowledge protocol from the CASP, the PSBM 
verifies the RSBM connected" status bit is set 

After the connect RSBM command has been input to 
the CASP, other commands that do not effect the 
connection between the remote and secondary ports, 
such as the read and write commands, can be input 
to and executed by the CASP. For example, the 
PSBM can send a command to the RSBM, via the 
CASP's I/O port, to initiate the remote access 
operation using a write command. Further, the 
PSBM can monitor the status of the remote access 
operation, via the CASP's I/O port, using a read 
command. 

4AA Disconnect RSBM Command 

When the PSBM determines that the remote access 
of the board ICs is complete, it sends a disconnect 
RSBM command to the CASP via a type 1 select 
protocol. In response to the disconnect RSBM 
command, the CASP resets the "RSBM connected" 



status bit, sends a reply to the PSBM using a type 1 
acknowledge protocol, then disconnects its remote 
and secondary ports. After receiving the 
acknowledge protocol from the CASP. the PSBM 
verifies the "RSBM Connected" statuB bit has been 
reset 

4.4.5 Write Command 

When data is to be transferred from the PSBM to a 
memory via the CASP's I/O port, the CASP receives 
a write command from the PSBM via a type 2 select 
protocol. The write command select protocol 
message frame contains: a header with the CASP 
address and write command, a starting address field 
where the first data field will be written, a count 
field indicating the number of data fields to be 
written, one or more data fields, and a CRC field. 

At the beginning of the write command select 
protocol, the CASP checks its address against the 
received address field and the write command 
against known commands. In response to the write 
command, the CASP outputs the received starting 
address field on the I/O port and stores the write 
count field. Next, the CASP writes the first received 
data field to the addressed memory location and 
decrements the count field. If the count field is not 
zero after the first write operation, the ASP 
increments the starting memory address, writes the 
next received data field, and decrements the count 
field again. These steps are repeated until the count 
field decrements to zero. 

When the count field decrements to zero, the CASP 
realizes that the last data field has been received 
and written to memory and the next field received is 
the CRC. The CASP compares the received CRC 
with a CRC it has calculated on the received data to 
check for errors, then sends an appropriate reply to 
the PSBM using a type 1 acknowledge protocol. 
After receiving the acknowledge protocol from the 
CASP, the PSBM verifies that the write command 
was successful by checking the address and status 
fields within the header and the CRC field for errors. 

While multiple data fields will usually be 
transferred during the write command to upload a 
test program or data, a single data field can be 
transmitted by simply setting the count field to one. 
An examplo of a single data write command is when 
the PSBM sends a command to the RSBM 
instructing it to execute a remote test operation, 
such as "initiate self-test #1". 

4.4.6 Read Command 

When data is to be transferred from a memory to the 
PSBM via the CASP I/O port, the CASP receives a 
read command from the PSBM via a type 2 select 
protocol. The read command select protocol message 
frame contains: a header with the CASP address 
and read command, a starting address field where 
the first data field will be read, a count field 
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indicating the number of data fields to be read, and 
a CRC field. 

At the beginning of the read command select 
protocol, the CASP checks its address against the 
received address field and the read command 
against known commands. In response to the read 
command, the CASP stores the received starting 
address and read count fields, then matches the 
received CRC against the calculated CRC. 

After the read command select protocol completes, 
the CASP outputs the starting memory address 
from the I/O port, reads the first data field from 
memory, decrements the read count field, and starts 
a type 2 acknowledge protocol to transfer the data 
read from the memory to the PSBM. If the read 
count field is not zero after the first read operation, 
the CASP increments the memory address, ana 
repeats the memory read and acknowledge protocol 
transfer sequence. When the read count field 
decrements to zero, the CASP realizes that the last 
data field has been read from memory. After 
sending the last data field to the PSBM, the CASP 
sends the calculated CRC field then terminates the 
acknowledge protocol. 

In response to the read command acknowledge 
protocol, the PSBM checks the header's address and 
status fields, receives and stores a predetermined 
number of data fields, then matches the received 
CRC field against a calculated CRC. If no errors are 
found, the PSBM is assured that the read command 
has been executed and the data received is correct 

While multiple data fields will usually be 
transferred during the read command acknowledge 
protocol, to download test or system data, a single 
data field can be transmitted by simply setting the 
count field to one. An example of a single data read 
command is when the PSBM needs only to read the 
status of the RSBM. 

4.4.7 Read Status Command 

To allow the PSBM to read the CASFs internal 
status register, the PSBM sends a read status 
command to the CASP via a type 1 select protocol. 
The read status command select protocol message 
frame contains a header with the CASP address and 
read status command, and a CRC field. After 
checking the read status command select protocol's 
address, command, and CRC fields, the CASP sends 
a type 1 acknowledge protocol to the PSBM to 
transfer its status register field to the PSBM. In 
response to the read status command acknowledge 

grotocol, the PSBM can check the settings of the 
ASP*s status register bits. 

The read status command, like the read and write 
commands, can be executed without effecting any of 
the connection type commands. The read status 
command allows the PSBM to monitor the internal 
status of CASP, as well as external status inputs, 



such as the RSBM's interrupt input The following 
list defines the required status bits in the CASP's 
status register. 

Command Error - A status register bit indicating an 
unknown command wot received, 

CRC Error- A statu* register bit indicating a mismatch 
between the received and calculated CRC 

Interrupt Request - A status register bit indicating the 
occurrence of an external interrupt request 

Primary Port Connected - A status register bit indicating a 
connection between the primary and secondary ports. 

Remote Port Connected - A status register indicating a 
connection between the remote and secondary ports. 

Secondary Port /tffr - A status register bit indicating that 
the secondary port is idle (STMS-O). 

Secondary Port Reset -A status register bit indicating that 
the secondary port is reset (STMS-IX 

4JS Global Commanding 

To support a method of executing global commands, 
CASFs can include a global command address 
(GCA), similar to the reset address (RSTA) in Figure 
4. During a global command select protocol, all 
CASPs respond to the GCA to execute the command 
that follows. To avoid bus contention on PTDO, 
CASPs do not output acknowledge protocols in 
response to global command select protocols. 

5.0 Adapting the CASP for 2-wire Backplanes 

As mentioned in the "Interfacing P1394 to 1149.1" 
section, newer 32-bit IEEE backplane standards 
only allocate two wires for a backplane level serial 
bus. If this trend continues, only a 2-wire serial bus, 
such as P1394, can be used in future backplanes, 
since both 1149.1 and P1149.5 require more than 
two bus wires. While P1394is a good high speed 2- 
wire communications bus, its complex protocols and 
circuitry may be too sophisticated and/or costly for 
the simpler access applications involved in serial 
testing. To provide an alternate 2-wire serial bus for 
newer backplane standards, the primary port of the 
CASP can be easily adapted to communicate the 
select and acknowledge protocols using only two 
wires. 

In Figure 8, the CASP's primary port is shown 
interfaced to a 2-wire PSBM via a serial 
input/output (SIO) wire and a clock (CLK) wire. The 
SIO wire combines the unidirectional TDO and TDI 
backplane wiring channels into a single bidirectional 
wiring channel. The SIO wire is capable of 
transferring the select and acknowledge protocols 
between the PSBM and CASP in response to the 
CLK output from the PSBM. The select and 
acknowledge protocols can both be transmitted on a 
single wire since they are transmitted at different 
times, as shown in Figure 3. When the CASP is 
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used in a 2-wire backplane, the connect and 
disconnect PSBM commands are no longer valid, 
since an 1149.1 connection is not possible in two 
wires. However, all the other CASP commands can 
be used, an previously described, to enable remote 
test access and data transfer operations. 

Using this approach, a cost-effective 2-wire serial 
bus can optionally be used in newer backplane 
standards, in place of P1394, to provide a simple 
access method for test and data transfer operations. 
An important advantage of this approach is that it 
allows a common backplane test methodology to be 
developed and practiced, independent of the physical 
interfaces used in various system backplanes. For 
example, a backplane test access program, designed 
using a common CASP command set, could be used 
in either a 4 or 2-wire serial backplane environment 
The combination of a common set of backplane test 
commands and a flexible serial interface, provides 
the building blocks from which a standard 
backplane test access language could be developed. 
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FIGURE 8 2-Wire CASP Backplane Interface 

In future updates to the current 32-bit backplane 
buses, and in definitions of future 64-bit buses, it 
may be beneficial for test representatives to 
participate in backplane working groups to help 
specify backplane test bus requirements. Since a 
need will probably exist for both a 2-wire 
communications bus (like P1394) and a 2-wire test 
bus (like the one proposed here), an ideal scenario 
would be for backplane standards to specify two 
pairs of backplane wires so that both serial bus 
types could be supported. In this way, both serial 
buses could operate full-time in a backplane 
environment to optimally perform the task each was 
designed for. Also, since separate interfaces for the 
higher performance communications bus and lower 
performance test bus could be designed more 
efficiently, a lower cost of implementation would 
probably be achieved. Further, if separate serial 



buses existed at the backplane level for test and 
communication, the software for each bus could be 
designed more efficiently and executed in parallel. 

6.0 Summary and Conclusion 

This paper has described a new approach of 
accessing 1149.1 based boards in a backplane 
environment. The approach can be used as a simple 
backplane to board connection method or expan ded 
to include commandable features considered useful 
in a backplane environment 

The ASP provides a simple backplane to board 
connection circuit to effectuate expanded use of the 
1149.1 test bus. The select and acknowledge 
protocols can be transmitted between a PSBM and 
ASP using normal 1149.1 scan operations, assuming 
the PSBM can hold its TMS signal at a 1 or 0 during 
scan. Therefore, existing 1149.1 bus masters and 
software can easily be adapted to use this approach. 
The ASP circuit is simple and can be assembled in 
small footprint packages (20 pins), resulting in a low 
cost, low area overhead, backplane-to-board level 
1149.1 test interface. 

The commandable ASP (CASP) provides a way of 
expanding the basic ASP and protocols to suit the 
needs of more demanding applications, while 
maintaining protocol compatibility with the 1149.1 
standard. The ability of the CASP to support board 
resident RSBMs, provides a structured method of 
designing systems capable of distributed test 
control. The ability of the CASP to support data 
transfer, provides a method of emulating the data 
transfer features being developed in the IEEE 
P1149.5 and P1394 serial bus standards. The 
ability of the CASP to operate in a 2-wire backplane 
environment allows it to serve as an alternate serial 
bus to P1394 when only simple test access is 
required in a system. 

The advantages offered by this new approach are: 
(1) direct compatibility with 1149.1, (2) improved 
serial data transfer bandwidth, (3) simple, cost 
effective implementation, (4) easily expandable to 
include other features useful in oackplane 
applications, and (5) capable of being used in either 
a 4 or 2-wire serial bus backplane environment. 
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Abstract 



This paper presents a novel connection 
method that enables an 1149.1 test bus 
controller to hierarchically access and test 
1149.1 circuits, independent of where the 
circuits exists within in an electronic system. 
The advantage of this approach is that it 
enables the 1149.1 test bus to be used 
hierarchically as a system level test bus, 
instead of only as a board level test bus. 

Background 

In the electronics industry, significant 
improvements have been made in the area of 
board level testing, largely due to the 
development of a standard test access port and 
boundary scan architecture for ICs, referred to 
as IEEE Std 1149.1-1990 [1]. The 1149.1 
standard defines a test access port and 
associated test circuitry that can be included in 
ICs to simplify testing at the board level. 

One of the most important features of 
the 1149.1 standard is a four wire test bus that 
enables commands and data to be serially 
communicated to ICs on a board for testing 

{purposes. The presence of this standard board 
evel test bus interface has inspired the test 
community to focus on a common approach to 
board level testing problems. 

The challenge now facing the electronics 
test industry is how to gain acceBS to 1149.1 
testability features after the board has been 
embedded within a system. Most system 
companies who invest in 1149.1 at the board 
level, do so under the assumption that the 
board testability resources can be reused to 
simplify their system testing problems. 
However, currently there are no proposed 
methods of accessing 1149.1 in a system 
environment. There are proposals for 
accessing 1149.1 boards in a backplane 
environment, but these proposals are focused 
on single level access operations and do not 



anticipate the hierarchical access needs found 
within system architectures. [2,3,4,5,7,8] 

If test access solutions progress the way 
they currently are, the industry will eventually 
have a unique test access standard for each 
different environment level within a system. 
For example, the industry may eventually 
have different standards for: accessing multi- 
chip modules on a board, accessing boards in a 
backplane, accessing backplanes in a 
subsystem, and accessing subsystems in a 
system. If system test access evolves in this 
fashion, the end result may well turn out to be 
an overly complicated, inefficient network of 
non-compatible test buses interfaced together 
using protocol translating devices. 

Introduction 

This paper presents an approach which 
anticipates the hierarchical test access needs 
of system architectures. Using this approach, 
hierarchical connections can be made in a 
system architecture to enable 1149.1 
applications to be accessed directly via the 
standard 1149.1 test bus. The primary benefit 
of this approach is that it eliminates the need 
to use other environment-specific test buses to 
gain access to embedded 1149.1 applications 
within systems. 

A paper presented at ITC in 1992 
described how an 1149.1 test bus controller 
(TBC) could select and access 1149.1 
applications in a single level environment, 
such as boards in a backplane, using a protocol 
referred to as a shadow protocol and a 
connection device referred to as an addressable 
shadow port (ASP) [61. The approach 
described m this paper is based on an extended 
shadow protocol and a connection device 
referred to as a hierarchically addressable 
shadow port (HASP). The extended shadow 

}>rotocof and HASP allow the connection 
features described in the 1992 paper to be used 
hierarchically in a system architecture, instead 
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of being limited to single level connection 
applications. 

Throughout the remainder of this paper 
the words "environment" and "application" are 
used. The word "environment" is used to 
indicate a physical level within a system 
architecture where one or more ASPs or 
HASPs reside. The "root environment" is the 
lowest level environment, and is where the 
1149.1 TBC resides. The word "application" is 
used to indicate an 1149.1 circuit within an 
environment that can be accessed by a TBC 
after a hierarchical connection has been made. 
In this paper, the hierarchical access examples 
are described as coming from a lower level 
environment to a higher level environment. 

Shadow Protocols 

The 1149.1 test bus has four signal 
wires, test clock (TCK), test mode select (TMS), 
test data output (TDO), and test data input 
(TDI). 1149.1 protocol transmitted on the TMS 
signal controls applications on the test bus to 
scan data, enter an idle state, or enter a reset 
state. When TMS places the test bus in an idle 
state (i.e. 1149.1 RT/IDLE, PAUSE-IR or 
PAUSE-DR states) or a reset state (i.e. 1149.1 
TLRST state), all 1149.1 applications are 
disabled from responding to aata' transmitted 
on TDI and TDO. While the 1149.1 test bus is 
idle or reset, the shadow protocol can be 
transmitted over the TDI and TDO wires to 
make a connection between a TBC and a target 
application within a system, via an ASP or via 
an ASP connected to one or more HASP 
circuits. 

The shadow protocol comprises two 
protocols, a select protocol and an acknowledge 
protocol. At the beginning of a shadow 
protocol, a select protocol is transmitted from 
the TBC to an ASP either directly or through 
one or more HASPa residing between the TBC 
and ASP to make a connection. After the 
select protocol has been transmitted, an 
acknowledge protocol is transmitted to the 
TBC from the selected ASP either directly or 
through one or more HASPs residing between 
the ASP and TBC to confirm the connection. 
The shadow protocol is transmitted on the TDI 
and TDO bus wires using a bit-pair signaling 
method. The TMS signal is not involved with 
the shadow protocol, therefore the TMS signal 
can be used to hold 1149.1 applications in a 
desired 1149.1 steady state while the shadow 
protocol is transmitted to make a connection. 



The bit-pair signaling method used in 
the shadow protocol allows control and data to 
be transmitted together on a single wiring 
channel. The control signals are used to start 
and stop the select and acknowledge protocols 
and to frame data signals that form addresses 
within the select and acknowledge protocols. 
The bit-pair signals used in the select and 
acknowledge protocols are defined in the 
following list. 

Idle Signal (I) ~ a control signal identified by the 
transfer of two successive logic one bits from a transmitter 
to a receiver. 

Select Signal fS) - a control signal identified by the 
transfer of two successive logic zero bits from a 
transmitter to a receiver. 

Data 1 Signal (D) — a logic one signal identified by 
the transfer of a logic zero bit followed by a logic one btt 
from a transmitter to a receiver. 

Data 0 Signal (D) - a logic zero signal identified by 
the transfer of a logic one bit followed by a logic zero bit 
from a transmitter to a receiver. 

The bit-pair signals are output from the 
transmitting device's (TBC's, ASP's, or 
HASP's) TDO on the falling edge of TCK and 
are input to the receiving device's (TBC's, 
ASP's, or HASP's) TDI on the rising edge of 
TCK. Since this data transfer is consistent 
with the way 1149.1 serial data is transferred, 
upgrading a TBC to support this approach is 
simply a matter of controlling TMS to idle or 
reset 1149.1 applications, while using 
otherwise normal 1149.1 scan operations to 
transmit and receive the select and 
acknowledge protocols. 
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Select Protocol Starts—' 

Select Protocol Stops 

Acknowledge Protocol Starts 
Acknowledge Protocol Stops 
1 140.1 Bus can be activated 



FIGURE 1 Select and Acknowledge Protocols 

Select and Acknowledge Protocols 

In Figure 1, a diagram is shown of a 
single level select and acknowledge protocol 
being transmitted while the 1149.1 test bus is 
idle to make a connection between a TBC and 
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ASP application. The tristate signals (T) 
before and after the protocol sequences 
indicate that the 1149.1 test bus is idle and 
that the TDO outputs from the TBC and ASP 
are disabled and pulled high. The "ISD.DSr 
sequence transmitted from the TBC to the ASP 
is the select protocol. The 1SD..DSr sequence 
transmitted from the ASP to the TBC is the 
acknowledge protocol. After the ASP 
transmits the acknowledge protocol it connects 
the TBC up to the application. 

The I signal at the beginning of each 
protocol is designed to be indistinguishable 
from the preceding T signals. This avoids 
unintentional entry into a select or 
acknowledge protocol when the 1149.1 bus 
enters an idle or reset state. However, the I 
signal at the end of each protocol is designed to 
be distinguishable from the preceding S and D 
signals so that it can be used to terminate the 
protocol. Inside each protocol, first and second 
3 signals are used to frame the address which 
is denned by a series of logic 1 and logic 0 D 
signals. 

In this single level access shadow 
protocol, only one address frame (SD..DS) is 
transmitted between the first and second I 
signals of the select and acknowledge protocol. 
However, in a multi-level shadow protocol, two 
or more address frames (SD..DS) are 
transmitted between the first and second I 
signals of the select and acknowledge protocol 
to make a hierarchical connection. 

Hierarchical Access Examples 

The following examples illustrate how a 
TBC can use ASP and HASP circuits to 
hierarchically access 1149.1 applications in 
systems having from one to V environment 
levels. In the examples, analogies are made 
between the way this approach nierarchically 
links to an 1149.1 application through multiple 
system environments, and the way an 
operating system hierarchically links to a file 
through multiple software directories. In the 
analogies, "Sys"=system. "Sub"=subsystem, 
"Bpn ^backplane, "Brd"=board, "App" = 
application, "Env"=environment, and 
a Dir"=directory. 

Single Level System Test Access 

In the single level environment of Figure 
2, a Backplane resident TBC is connected to 
Board ASPs (1-n) via a four wire 1149.1 test 



bus. Each ASP is further connected to ICs on a 
board (application) via a four wire 1149.1 test 
bus. The naming convention given to the ASPs 
in Figure 1 is "ASPn:m", where V indicates 
the ASP's address and "m" indicates the 
environment level the ASP resides on. The 
ASPs are connected to the TBC via their 
primary port signals (PTDI, PTMS, PTCK, 
PTDO) and to the application via their 
secondary port signals (STDI, STMS, STCK, 
STDO). While all four 1149.1 signal wires are 
shown in Figure 2, only the ASP PTDI, STDI, 
PTDO, and STDO. and application and TBC 
TDI and TDO signals are named. The 
environment level number of the ASP is 
included in the primary and secondary port 
signal names, i.e. PTDI1, PTDOl, STDOl, and 
STDOl. The above mentioned naming 
conventions are followed throughout the 
remainder of this paper. 

Hierarchical AnalogiftB 
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FIGURE 2 Single Level System Test Access 

Before an application on one of the 
Boards (1-n) can be serially accessed by the 
TBC, a connection must be made between the 
TBC and application. To make a connection 
between the application of ASP2:1 and the 
TBC, the TBC outputs a single level select 
protocol from its Tt)0 output to the PTDI1 
input of all ASPs on Environment 1. In this 
example, the address sent in the select protocol 
is address 2 (A2). In response to receiving the 
select protocol with an address of 2, ASP2:1 
outputs an aclmowledge protocol containing its 
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address (A2) from its PTDOl output to the 
TBC'8 TDI input, then connects the application 
to the TBC (as shown in darkened boxes). The 
TBC verifies the connection by inspecting the 
address returned in the acknowledge protocol, 
then accesses the application using the 1149.1 
protocol. This single level connection example 
is identical to the one described in the 1992 
paper, since only a single level connection is 
made, i.e. board and backplane. 

Two Level System TV»Bt Access 

In the two level environment of Figure 3, 
a Subsystem resident TBC is connected to 
Backplane HASPs (1-n) in Environment 1. 
Each Backplane HASP (1-n) is further 
connected to Board ASPs (1-n) in Environment 
2. Each Board ASP (1-n) is further connected 
to an Application. While connections are only 
shown between HASP1:1 and its 
ASP/Application group, each HASP is similarly 
connected to an ASP/Application group. 

Hierarchical Analogies 
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FIGURE 3 Two Level System Test Access 

Before an application on one of the 
Boards (1-n) can be serially accessed by the 
TBC, a hierarchical connection must be made 
between the TBC and application. To make a 
connection between the application of ASP2:2 
and the TBC, the TBC outputs a two level 



select protocol from its TDO output to the 
PTDI1 input of all HASPs on Environment 1. 
The two level hierarchical select protocol 
differs from the single level select protocol of 
Figure 1 in that two address frames are 
transmitted between the first and second I 
signals. The first address frame (Al) selects 
HASP1:1 and the second address frame (A2) 
selects ASP2:2. 

After HASP1:1 has received its address 
frame (SA1S), it looks to see what signal 
follows the address frame. If an I signal were 
to follow the first address frame, HASPl.'l 
would recognize the protocol as a single level 
type and would start its acknowledge protocol. 
However, since an S signal follows the first 
address frame, HASP 1:1 recognizes that the 
select protocol is hierarchical and that a new 
address frame is being transmitted. After 
HASP1:1 recognizes that the select protocol is 
hierarchical, it does not respond to any of the 
additional address frames it receives, thus it 
cannot be deselected by subsequent address 
frames transmitted within the current 
hierarchical select protocol. Also when 
HASP1:1 recognizes that the select protocol is 
hierarchical, it sets an internal nag which 
modifies the way it operates during the 
hierarchical acknowledge protocol. 

In response to the start of the second 
address frame (SA2S) from the TBC, HASP1:1 
enables its STDOl output, sends an I signal, 
then relays the second address frame to ASPs 
of Environment 2. There is a one bit-pair 
signal latency between the end of the first 
address frame from the TBC (SA1S) and the 
start of the relayed second address frame from 
HASP1:1 (SA2S). This latency is caused by the 
decision step HASPlrl performs to determine 
what signal (S or I) follows the first address 
frame (SA1S). 

When the TBC completes the 
transmission of the hierarchical select protocol, 
it outputs T signals (or logic l's) on its TDO 
output and monitors its TDI input for the start 
of an acknowledge protocol from the PTDOl 
output of HASP1:1. Likewise, when HASP1:1 
completes relaying the hierarchical select 
protocol it outputs T signals on its STDOl 
output and monitors its STDI1 input for the 
start of an acknowledge protocol from the 
PTD02 output of ASP2:2. 

After ASP2:2 has received its address 
frame (SA2S) from HASP1:1, it starts an 
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acknowledge protocol output to HASPlrl. 
After transmitting a first I signal to initiate 
the acknowledge protocol, ASP2:2 outputs its 
address frame sequence (SA2S) from its 
PTD02 output to the STDI1 input of HASPlil. 
In response to the first S signal of the address 
frame input from ASP2:2, HASP1:1 enables its 
PTDOl output and starts relaying the 
acknowledge protocol from ASP2:2 to the 
TBC's TDI input by outputting a first I signal. 
After ASP2:2 has transmitted its address 
frame to the STDI1 input of HASP1:1, it 
terminates its acknowledge protocol by 
outputting a second I signal, then makes a 
connection between its application and the 
secondary port of HASPlrl. 

In response to the second I signal input 
from ASP2:2, HASP1:1 continues the 
acknowledge protocol sequence by inserting 
and outputting its own address frame (SA1S) 
to the TDI input of the TBC. After HASPlil 
has transmitted its address frame to the TBC, 
it terminates the hierarchical acknowledge 
protocol by outputting a second I signal, then 
makes a connection between ASP1:1 and the 
TBC. After the TBC receives the second I 
signal it determines that the hierarchical 
acknowledge protocol is complete and 
examines the addresses received to confirm the 
correct hierarchical connection was made. If 
the connection is correct, the TBC accesses the 
application using the 1149.1 protocol. 

Three Level System Test Access 

In the three level environment of Figure 
4, a System resident TBC is connected to 
Subsystem HASPs (1-n). Each Subsystem 
HASP (1-n) is further connected to Backplane 
HASPs (1-n). Each Backplane HASP (1-n) is 
further connected to Board ASPs (1-n). Each 
Board ASP (1-n) is further connected to an 
Application. 

The steps for the TBC to hierarchically 
connect and access the application of ASPn:3 is 
similar to the two level access example of 
Figure 3 and comprises; (1) outputting a three 
level hierarchical select protocol to select 
HASPlrl, HASP2:2, and ASPn:3, (2) receiving 
and confirming a three level hierarchical 
acknowledge protocol from ASPn:3, HASP2:2, 
and HASPlrl, and (3) accessing the application 
via the connections made between HASPlrl, 
HASP2:2, and ASPn:3 using the 1149.1 
protocol. 
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FIGURE 4 Three Level System Test Access 

Mth-Level System Test Access 

While the previous examples have shown 
how shadow protocols and ASP/HASP circuits 
are used to access applications existing on 1, 2, 
and 3 level system environments, the approach 
can be used to access any environment level 
(m) within a system. 

For example, the hierarchical select and 
acknowledge protocols of Figure 5 illustrate 
connecting an application in environment level 
V to a TBC in the root environment (RE) via 
intermediate environment levels El, E2, 
E3...Em-2, and Em-1. Each address frame in 
the hierarchical select and acknowledge 
protocols is indicated by the sequence "SnmS", 
where "n" is the address and "m" is the 
environment level the address is sent to or 
received from. The ability of the this approach 
to hierarchically connect a TBC! to an 
application on any environment level within 
any type of system, provides an extremely 
simple, yet powerful method of accessing and 
testing 1149.1 applications. 
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FIGURE 5 Mth-Level System Test Access 

Arlcnnwlpdye Protocol Address Ordering 

The ordering of the address frames in 
the hierarchical acknowledge protocol is key to 
making the scheme work in various 
hierarchical arrangements. By having the 
selected ASP of the highest accessed 
environment level initiate the hierarchical 
acknowledge protocol, HASPs in lower 
environment levels only have to monitor their 
STDI inputs to determine when the 
hierarchical acknowledge protocol has been 
started. 

Since the higher level acknowledge 
protocols are framed by first and Seconal 
signals, it is a simple process for a lower level 
HASP to determine when a higher level 
acknowledge protocol transmission is complete 
so that it can insert its own address frame in 
the hierarchical acknowledge protocol being 
relayed to the TBC. By its design, the 
operation of the hierarchical acknowledge 
protocol is simple and structured, and 
independent of the number of environment 
levels it traverses. 

Hierarchical Connection Example 

In Figure 6, a System TBC is connected 
to Subsystem HASP1 of Environment 1, 
HASP1/E1. HASP1/E1 is connected to 
Backplane HASP1 of Environment 2, 
HASP1/E2. HASP1/E2 is connected to Board 
ASP1 of Environments, ASPiyE3. ASP1/E3 is 
connected to the Application on Board 1 (ICs). 



The TBC has a transmitter (XMT) to 
output the select protocol, a receiver (RCR) to 
receive the acknowledge protocol, and a 
controller (CTL) to regulate the operation of 
the transmitter and receiver, and the TMS 
output signal. When the controller is not using 
the transmitter and receiver to communicate 
select and acknowledge protocols, the 
controller can use them to communicate the 
1149.1 protocol by activation of the TMS 
output signal. 
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FIGURE 6 Hierarchical Connection Example 

The ASPs and HASPs have a receiver 
(RCR) to receive the select protocol, a 
transmitter (XMT) to output the acknowledge 
protocol, and a controller (CTL) to regulate the 
operation of the transmitter and receiver, and 
the PTMS to STMS signal connection. If the 
receiver and transmitter are not being used to 
communicate select and acknowledge 
protocols, and if the ASP/HASP is selected, 
serial data and TMS control may be 
transferred from PTDI to STDO, from STDI to 
PTDO, and from PTMS to STMS during 1149.1 
scan operations. 

When scan access of the ICs of Board 1 is 
required, the TBC outputs a hierarchical select 
protocol to the receiver of HASP1/E1. In 
response, HASPl/El's receiver strips off its 
address frame and relays the remaining 
portion of the select protocol to the receiver of 
HASP1/E2. In response, HASP1/E2 , s receiver 
strips off its address frame and relays the 
remaining portion of the select protocol to the 
receiver of ASP1/E3. 

After the hierarchical select protocol 
completes, the transmitter of ASP1/E3 outputs 
an acknowledge protocol to the transmitter of 
HASP1/E2. In response, HASP1/E2's 
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transmitter relays the acknowledge protocol to 
the transmitter of HASP1/E1, inserting its own 
address frame before terminating the 
acknowledge protocol. In response, 
HASP1/E1 s transmitter relays the 
acknowledge protocol to the receiver of the 
TBC, inserting its own address frame before 
terminating the acknowledge protocol. 

After each HASP and ASP completes its 
acknowledge protocol, it- connects its primary 
and secondary ports together. After receiving 
and verifyingMbhe hierarchical acknowledge 
protocol, the TBC's control circuit enables the 
transmitter, receiver, and TMS output to 
access the ICs of Board 1, via the connections 
made through HASP1/E1, HASP1/E2, and 
ASP1/E3, using the 1149.1 protocol. 

Synchronizing 1149.1 Data Trannfftrn 

In Figure 7, an important difference is 
shown between the methods used by the 
HASPs and ASP of Figure 6 to connect their 
primary and secondary bus signals. In the 
ASP, a simple electronic switch is used to 
connect the primary and secondary port 
signals, since only a single level connection is 
made. However, since any number of levels 
may be connected using hierarchically 
arranged HASPs, it is important to provide a 
method of synchronizing the data transfer 
between HASP primary and secondary ports 
using clocked storage elements such as the D- 
flip flops (DFF) of Figure 7. 
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FIGURE 7 HASP Port Synchronization 

If the primary and secondary bus signal 
connections of the HASP were made by simple 
electronic switches, as in the ASP, the 
accumulation of delays through the switches of 
hierarchically connected HASPs would limit 



the 1149.1 data transfer rate through the 
connection. However, with the primary and 
secondary HASP connections synchronized 
through DFFs as shown in Figure 7, delays do 
not accumulate as more HASPs are included in 
a hierarchical connection. Thus, no limitation 
is placed on the 1149.1 data transfer rate as 
more environment levels are connected 
between the TBC and application. 

Accessing and Testing Applications 

In Figure 8, a TBC is shown connected to 
the primary ports (PP) of ASPs l-<n-2) via an 
1149.1 test bus. Each ASP's secondary port 
(SP) is connected to an appropriately 
numbered 1149.1 application via an 1149.1 
test bus. The TBC and applications illustrate 
the 1149.1 steady states in which shadow 
protocols can be transmitted to make or break 
connections between the TBC and applications. 
The darkened boxes of Figure 8, indicate 
reserved addresses "0", "n-l^ and "n", which 
are not used as application addresses. 



AppScaton 1 AppTeaion2 AppficaSon n-2 





FIGURE 8 Single Level Test Access Example 

The "0" address is a reset address 
(RSTA) recognizable by all ASPs and H^SPs. 
ASPs and HASPs receiving the RSTA address 
disconnect their ports and force their 
applications into the TLRST state by setting 
their STMS output to a logic one. The a n-r 
address is a disconnect address (DISA) 
recognizable by all ASPs and HASPs. ASPs 
and HASPs receiving the DISA address 
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disconnect their ports and remain in the 
1149.1 steady state they were in when the 
disconnect occurs. The V address is a self 
test synchronization address (STSA) 
recognizable by all ASPs and HASPs. ASPs 
and HASPs receiving the STSA address while 
in the 1149.1 PAUSE-IR/DR states connect 
PTMS to STMS and disconnect PTDI and 
STDO, and STDI and PTDO. 

Executing SMfl Application Self Tfesta 

If Application 1 needs to be tested using 
a BIST based test instruction, like the 1149.1 
RunBist instruction [11, and is currently in the 
TLRST state, the TBC moves itself to the 
TLRST state to synchronize states with 
Application 1, then executes a shadow protocol 
to connect to Application 1. After a connection 
is made between the TBC and Application 1, 
the TBC transitions itself and Application 1 
from TLRST to the RT/IDLE state to prepare 
for testing. 

After entering the RT/IDLE state, the 
TBC executes an 1149.1 instruction scan 
operation to load the test instruction, then 
returns to the RT/IDLE state. In the RT/IDLE 
state the test instruction starts and executes 
until it terminates either on its own (like 
RunBist) or in response to the TBC 
transitioning from the RT/IDLE state. While 
the tost executes, the TBC is free to 
synchronize, connect, and start tests in other 
applications if desired. At the end of the test, 
the TBC synchronizes and connects to 
Application 1 (if it has disconnected) and 
accesses the test results using 1149.1 scan 
operations. 

Executing Parallel Application Self Testa 

If all applications of Figure 8 need to be 
tested in parallel using a BIST based test 
instruction, and all are currently in the TLRST 
state, the TBC moves itself to the TLRST state 
and executes the following sequence. 

The TBC transmits a shadow protocol to 
connect Application 1 to the TBC. After the 
connection is made, the TBC transitions itself 
and Application 1 from TLRST to the RT/IDLE 
state. After entering the RT/IDLE state, the 
TBC executes an instruction scan operation to 
load the test instruction into Application 1 
then terminates the instruction scan operation 
in the PAUSE-IR state. The TBC then 
transmits a shadow protocol containing the 



DISA address to disconnect Application 1 in 
the PAUSE-IR state. The TBC then 
transitions itself from PAUSE-IR to the TLRST 
state to synchronize 1149.1 states with the 
next application to be connected. These steps 
are repeated on Applications 2 through n-3. 

After Application n-3 has been setup as 
previously described, the TBC transmits a 
shadow protocol to connect Application n-2 to 
the TBC. After the connection is made, the 
TBC transitions itself and Application n-2 from 
TLRST to the RT/IDLE state. After entering 
the RT/IDLE state, the TBC executes an 
instruction scan operation to load the test 
instruction into Application n-2 then 
terminates the instruction scan operation in 
the PAUSE-IR state. While in PAUSE-IR, the 
TBC transmits a shadow protocol containing 
the STSA address. All ASPs currently in the 
PAUSE-IR state respond to the STSA address 
to connect their PTMS and STMS signals 
together, enabling the TBC's TMS output to be 
input to each ASP application. After making 
this global TMS connection, the TBC 
transitions itself and all applications from 
PAUSE-IR to RT/IDLE to start the parallel 
test operation. 

The parallel test operation continues 
until all tests have terminated either on their 
own or in response to the TBC transitioning 
from the RT/IDLE state. At the end of the 
parallel test operation, the TBC executes 
shadow protocols to connect to each 
application, one at a time, to access the test 
results using 1149.1 scan operations. If one or 
more of the ASPs in Figure 8 had not been 
positioned in the PAUSEtIR state when the 
STSA address was issued, they would have 
ignored the STSA address and remained in 
their present state. Thus, selective execution 
of parallel test operations is provided. 

Executing Application Interconnection Tests 

Testing the functional interconnection 
between applications is easy if each application 
includes 1149.1 boundary scan on its 
functional I/O. The test is setup by the TBC 
synchronizing states with and connecting to 
each application, one at a time. After the TBC 
is connected to an application it performs an 
1149.1 instruction scan operation to load the 
1149.1 Sample/Preload instruction. After 
loading the Sample/Preload instruction, the 
TBC performs a data scan operation to load a 
safe initial boundary I/O test pattern. Next, 
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the TBC performs an instruction scan 
operation to load the 1149.1 Extest instruction, 
terminating the instruction scan operation in 
the PAUSE-IR state. While in the PAUSE-IR 
state, the TBC executes a shadow protocol 
containing the DISA address to disconnect 
from the application so that other applications 
can be connected and setup as described. 
Since the application is disconnected in 
PAUSE-IR, the Extest instruction has not been 
updated to take effect. 

After all applications have been setup as 
described, the TBC positions itself in the 
PAUSE-IR state, then transmits a shadow 
protocol containing the STSA address. In 
response to the STSA address, all applications 
are connected to the TBC's TMS output, via 
their ASPs. The TBC then transitions itself 
and all applications from PAUSE-IR to 
RT/IDLE to cause all applications to 
simultaneously update their Extest 
instructions and enter test mode. Since each 
application was loaded with a safe initial 
boundary I/O test pattern, no I/O conflicts 
occur between applications when the Extest 
mode is entered. 

Following this setup procedure, 
interconnection testing is accomplished by the 
TBC selectively connecting to each application, 
one at a time and while in the RT/IDLE state, 
to set boundary outputs and read boundary 
inputs using 1149.1 data scan operations. 

While this example used the Extest 
instruction to scan test the interconnections 
between applications, at-speed interconnection 
tests based on BIST (i.e. pseudorandom 
pattern generation/data compaction) could be 
used as well. If BIST interconnection testing 
is performed the applications are setup and 
enabled for testing as described in the 
"Executing Parallel Application Self Test" 
section. 

Hierarchical Access and Testing 

In the example of Figure 8, the TBC was 
shown directly connected to the ASP of each 
application. In actual systems however, the 
TBC may not always be directly connectible to 
the ASP of each application due to the 

Elacement of the applications in the system 
ierarchy. Therefore HASPs may reside 
between the TBC and ASPs to provide a 
hierarchical connection between the TBC and 
applications, as shown in Figure 9. 



The access and testing procedures 

{ previously described in regard: to the single 
evel connection arrangement shown in Figure 
8 still apply to the three level connection 
arrangement shown in Figure 9. The only 
difference in Figure 9 is that a three level 
connection is traversed to access and test the 
applications. 



Apptcatton 1 Application 2 Application n-2 




TBC 



FIGURE 9 Three Level Test Access Example 
Hiflrarchicallv Sanrtinff RSTA Addresses 

After hierarchically accessing and 
testing applications within a system, 
numerous applications, may be .left in various 
1149.1 steady states and test modes. To insure 
the stability of the system in its mission mode, 
all applications need to be placed in the 
TLRST state following test. 

One way of placing system applications 
in the TLRST state is for the TBC to 
individually connect and set each application 
into the TLRST state. However, a faster way 
of placing system applications in TLRST is for 
the TBC to globally transmit a hierarchical 
select protocol consisting of multiple RSTA 
address frames. Alternately, the TBC can 
locally place applications existing at and above 
a selected environment level in TLRST by 
sending actual address frames in a 
hierarchical select protocol prior to sending the 
RSTA frames. The actual address frames 
direct the reset action to only the applications 
at and above the selected environment level. 
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FIGURE 11 Hierarchically Resetting Applications 

Examples of global and local resetting in 
a system containing "m" environment levels 
are shown in Figure 11. The V in the address 
frames 1 through m indicate the RSTA 
address. The "n in the address frames 1 
through m indicate an actual address. All 
HASPs in each intermediate environment level 
(1 through m-1) between the root environment 
(RE) and environment V wait to respond to 
the RSTA address until after the hierarchical 
select protocol terminates, so that all relayed 
RSTA address frames can be transmitted to 
the highest environment level (m). HASPs and 
ASPs receiving a RSTA address do not execute 
an acknowledge protocol. However, HASPs 
that receive an actual address do respond with 
an acknowledge protocol. 

Hierarchically flpnrfing DISA/STSA Addresses 

While Figure 11 illustrates RSTA 
address frames r" being globally and locally 
transmitted to connections and applications, 
DISA and STSA address frames can be 
globally or locally transmitted as well. DISA 
address frames are transmitted in place of the 
"r" addresses in the hierarchical select 
protocols to disconnect connections and 
applications. STSA frames are transmitted in 
place of the V addresses in the hierarchical 
select protocols to synchronize selected 
connections and application groups to the 
TBC's TMS output. As with the RSTA address 



frame, HASPs and ASPs receiving DISA or 
STSA address frames do not execute an 
acknowledge protocol. 

Conclusion 

This paper has described a hierarchical 
test access problem the industry will 
eventually face in system architectures, and a 
proposed solution to this problem. The 
solution is based on a connection circuit and 
protocol that can operate in any hierarchical 
arrangement to provide access to and test 
control of 1149.1 applications in a system 
environment. This access method provides a 
simple way to effectuate expanded use of the 
1149.1 test bus in systems. The advantages of 
this approach are: (1) connection protocol is 
supportable by most 1149.1 TBCs/ATEs, (2) 
connection protocol rides on top of existing 
1149.1 bus wiring, (3) does not require protocol 
translation in the connection path, (4) does not 
impact 1149.1 test bus bandwidth, (5) 
supports parallel 1149.1 test operations, (6) 
supports any type of hierarchical connection 
arrangement, and (7) simple, cost-effective 
implementation. 
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ABSTRACT 

This paper describes an IEEE 1149.1 ba°od tent IC that 
emulates the functions of logic and signature analysis 
test instruments. These ICs can be used at the board or 
multi-chip module level to provide an embedded method 
of monitoring circuits at-speed. This jpaper assumes the 
reader has a basic understanding 01 the IEEE 1149.1 
standards 2 i. 

INTRODUCTION 

Test instruments, such as logic analyzers, have 
traditionally been used to test the at-speed interaction of 
functioning ICs on board designs. These test 
instruments gain access to the circuit under test by 
physically contacting the circuit using a probing 
mechanism. The use of these test instruments to test 
functioning circuitry can reveal timing sensitive and/or 
intermittent failures that would otherwise not be 
detectable in a nonfunctional test environment. The 
ability of these test instruments to synchronize up with 
and observe the at-speed operation of electronic circuits, 
have made them an invaluable asset in a wide range of 
testing applications. 

With the increasing use of high-speed, state-of-the-art 
integrated circuits in combination with the miniaturized 
substrates on which they are assembled, the physical 
access between an external test instrument and a circuit 
under test is being severely reduced and in some cases 
completely eliminated. New test approaches such as the 
IEEE 1149.1 boundary scan standard provide a method 
to regain electrical access to miniaturized circuits and 
substrates through the use of an IC resident test port 
and boundary scan architecture. The 1149.1 standard 
provides an excellent method of testing the structural 
integrity of the wiring interconnects between ICs on a 
common substrate™ 4) . In addition, 1149.1 can be used to 
test individual ICs* while they are in a nonfunctional 
mode. 

However, the 1149.1 standard cannot be used effectively 
for at-speed functional testing of ICs or circuits. The 
standard does provide a test instruction, referred to as 
Sample/Preload, that allows the boundary scan register 
to take a snapshot sample of the data entering and 
leaving a functioning IC. While a specific application of 
the Sample/Preload instruction has been described,^, its 
general use suffers due to problems not addressed in the 
standard^. 

One problem with the Sample/Preload instruction is that 
there is no prescribed method of synchronizing the 
sample operation with the operation of the host IC. 
Sampling data asynchronously is a hit and mis3 
proposition that Berves no useful purpose. Another 
problem is that there is no prescribed method of 
qualifying when to execute the sample operation in a 
functioning system. Sampling data synchronously but at 



random does little to support testing. The solutions to 
these potentially challenging problems is left up to the 
usar of 1149.1. 

A new approach, therefore, is required to provide a 
method of functionally testing the at-speed operation of 
miniaturized electronic circuits. The approach described 
in this paper overcomes the loss of functional test access 
to state-of-the-art circuitry through the use of an IC 
designed specifically for embedded at-speed testing 
applications. This test IC is a member of TIs SCOPE<- 
family of testability components^ 8)> and is referred to as 
a Digital Bus Monitor (DBM)'. The DBM can be 
implemented in board or multi-chip module designs and 
coupled to critical functional IC bus signals to provide a 
method of non-intrusively monitoring the functional 
operation of the circuit. 

When the DBM is enabled via serial input from the 
1149.1 test bus, it synchronizes up with the functional 
circuitry to perform data trace and/or data compaction 
on the at-speed data flow between the functional ICs of 
the circuit. Following the test, the trace data and/or 
signature collected can be accessed via the 1149.1 test 
bus for processing. 

The advantage offered by the DBM is that it enables the 
use of traditional at-speed test approaches without 
having to physically probe the electronic circuit being 
tested. Also, since the DBMs are embedded in the 
product and accessible via the 1149.1 test bus, the tests 
they provide are reusable throughout the life cycle of the 
product. For example the DBMs can be used for at-speed 
testing of the product at the assembly site, then later 
reused during other phases of the products life cycle such 
as; hardware/software integration and debug, at-speed 
system testing, environmental chamber testing, and field 
testing and diagnostics. 

DBM ARCHITECTURE 

The DBM is a 28 pin device designed in compliance with 
the rules set forth in the IEEE 1149.1 boundary scan 
standard. The DBM supports all required 1149.1 
boundary scan test instructions as well as a rich set of 
special test instructions supporting its data trace and 
signature analysis test operations. The data trace and 
signature analysis operations can operate from control 
input from the 1149.1 test bus or from control generated 
internal to the DBM. 

The DBM IC architecture of Figure 1 has input pinB for 
receiving 16 data inputs (DO-15), 3 clock inputs 
(CK1,CK2,CK3), an event qualification input (EQI), an 
output pin for outputting an event qualification output 
(EQO), and a bidirectional pin for inputting or 
outputting a polynomial input/output signal (PIO). In 
addition, the DBM is coupled to the 1149.1 test bus via 
the test data input (TDI), test data output (TDO), test 
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mode select (TMS), and test clock (TCK) pins, to provide 
a standard serial interface for input and output 

The DBM consists of a lKxl6-bit trace memory for test 
data storage, a 16-bit parallel signature analysis (PSAR) 
register for test data compaction, a 16-bit comparator for 
pattern detection, an event qualification module (EQM) 
lor at-speed test control, a programmable clock interface 
(PCI) for clock conditioning, a boundary scan register for 
interconnect testing, and a 1149.1 circuit block 
consisting of a control register for instruction 
amplification, a bypass register for abbreviating the scan 
path through the DBM7 an instruction register for 
instruction storage, and the 1149.1 test access port 
(TAP). 
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FIGURE 1 DBM Architecture 



1149.1 Circuitry 

The TAP along with the instruction, bypass, and 
boundary scan registers are test circuits required in the 
1149.1 standard. The TAP receives the 1149.1 TMS and 
TCK bus control signals and provides the interface 
through which an external test bus controller can input 
control to shift data through the IC from the TDI input 
to the TDO output, or effectuate an 1149.1 controlled 
test operation. The instruction register provides storage 
for test instructions shifted into the IC. The bypass 
register provides a single bit scan path through the IC 
when 1149.1 testing is not being performed. The 
boundary scan register consists of a series of cells 
associated with each IC input and output pin. When 
placed in their test mode, the boundary cells can be 
accessed via the TAP to output test data from the IC's 
outputs and receive test data into the IC's inputs, in 
accordance to the IEEE 1149.1 Extest instruction. 

Trace Memory 

The trace me mory receives the 16-bit data bus, serial 
input from the TDl pin, control input from the TAP and 
EQM, and outputs serial data to the TDO pin. The trace 
memory is a 16-bit by 1024 location static RAM. When 
disabled the trace memory powers down and requires 



minimum power to maintain its contents. When enabled 
the trace memory can be used to store the 16-bit data 
input to the DBM in response to control input from 
either the TAP or EQM. The DBM can receive and store 
16-bit data words at up to 40Mhz. 

The trace memory of Figure 2 consists of a lKx 16-bit 
static RAM, a 16-bit data input/output register (DIOR), a 
10-bit address register (AREG), and read/write control 
circuitry. The read/write control circuitry receives 
control input from the TAP and EQM, and outputs 
control to the DIOR, AREG, and RAM. The selection of 
which control input is used, TAP or EQM, is determined 
by the instruction in the 1149.1 instruction register. 
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FIGURE 2 Trace Memory 

When trace operations are controlled from the 1149.1 
TAP, data input on the data bus is clock into the DIOR 
register then transferred into the addressed RAM 
location during each TCK while the TAP is in its 
RT/JJDLE state. After each data pattern is written to 
RAM, the AREG is incremented to address the next 
RAM location. 

When trace operations are controlled from the EQM, 
data input on the data bus is clocked into the DIOR 
register during each CLK output from the PCI. However, 
the data is only transferred into the RAM when the EQM 
is qualified, via input from either the internal CTERM or 
external EQI signal, to execute one of its eight selectable 
test protocols. After a data pattern is transferred into the 
RAM, the AREG is incremented to address the next 
RAM location. 

Trace Mem ory Read/Write Modes 

The RAM has two modes of serial read/write access, 
1149.1 scan access mode and direct memory access mode 
(DMA). The RAM access mode is selected via an 
instruction loaded into the instruction register. In the 
1149.1 scan access mode, the TAP inputs or outputs 
RAM data via the DIOR and AREG registers by cycling 
through multiple data register scan operations. During 
each scan operation the AREG addresses a RAM location 
to be written to or read from via the DIOR. Each RAM 
read or write cycle requires one 1149.1 data register scan 
operation. 

In the DMA mode, the DIOR is configured as either a 
serial input/parallel output register for DMA write 
operations or a parallel input/serial output register for 
DMA read operations, and the AREG is configured as a 
counter. During DMA write operations, a DMA controller 
embedded in the TAP, outputs control to cause serial 
data to be shifted into the DIOR from the TDI input. 
After the DIOR has received a predetermined number, of 
bits, the DMA controller inputs control to cause the RAM 
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to accept the parallel data from the DIOR, the AREG to 
increment, and the DIOR to continue inputting serial 
data. These steps of serially inputting data to the DIOR, 
writing the data into the RAM, and incrementing the 
AREG are repeated until the RAM is full. 

During DMA read operations, the DMA controller 
inputs control to cause the DIOR to parallel load data 
from the RAM. After the data is loaded, the DMA 
controller inputs control to cause the AREG to 
increment ana the DIOR to shift data out via the TDO 
output. When the last bit is shifted out, the DMA 
controller repeats the steps of parallel loading RAM data 
into the DIOR, incrementing the AREG, and shifting 
data out of the DIOR until the RAM data is read. 

The reason for developing the DMA mode for RAM 
access is that it significantly reduces read/write access 
time to embedded memories over using the 1149.1 3can 
approach, especially in a system environment where 
multiple devices precede and follow the target device. 
The time savings is brought about by the fact that the 
DMA mode allows a single, but extended 1149.1 data 
register scan cycle to stream serial data continuously 
into or out of a device's embedded memory without 
interruption. 
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FIGURE 3 Trace Memory Access Example 

To illustrate the time savings using the DMA mode to 
access the DBMs memory over using the 1149.1 data 
register scan mode, calculations are made on the 
example system scan path environment illustrated in 
Figure 3. The scan path consists of a test bus controller 
(TBC), a DBM, 100 1149.1 compliant ICs (N) between 
the TDO output from the TBC and the TDI input to the 
DBM, and 100 1149.1 compliant ICs (M) between the 
TDO output from the DBM and TDI input to the TBC. 

In both the 1149.1 (1) and DMA (2) RAM access mode 
calculations, assume a 5Mhz TCK and that the ICs 
preceding and following the DBM are in their Bypass 
mode. Since the scan path is symmetrical the read and 
write access times are identical tor both DMA and 1149.1 
access modes, so only a read access calculation will be 
performed on each. A comparison of the calculated RAM 
access times, shows the DMA access time (3.3ms) to be 
93% less than the 1149.1 access time (47ms). 



(1) 1148.1 Access Time =. [(UpX^+Drt^lxM,,,, -47 ma 

Where: L_ « Length of scan path 

- (N+DBM+M) « (100+26+100) 
S H » TAP Shift state 
D„ - TAP Dead states (4) 
T k -TCK period (200na) 
Mp4 a Memory pattern depth (1024) 



(2) DMA Arr«.«» Time - (L -h( xM pi xS rt +D rt +L m )xT tk - 3.3 ma 

Where: Ljur - Length of DIOR register (16) 
L,, » Length of M scan path (100) 
S- - TAP Shift state 
D rt ■ TAP Dead states (4) 
T,"-TCK period (200ns) 
Mpj « Memory pattern depth (1024) 

Trace Mnmorv Self-TVwrt 

The trace memory was designed with a self-testing 
capability that enables quick verification of the DBM£ 
RAM in both an IC production and field test 
environment. The self-test is executed in two steps. The 
first step loads the RAM contents with test patterns, and 
the second step compacts the contents of the RAM into a 
signature. 

The first step, RAM initialization, can be accomplished 
using one of two methods. One method uses RAM 
upload instructions designed to allow the data scanned 
into the DIOR to be automatically uploaded into the 
RAM for 1024 TCKs while the TAP is in its RT/IDLE 
state. Two RAM upload instructions are provided to 
allow data to be uploaded into the RAM in either a fixed 
or toggled format. This automatic RAM upload method 
is also used to initialize the RAM prior to performing a 
data trace operation. The other method of initializing 
the RAM uses the DMA input method. While the DMA 
input mode takes longer to load the RAM than the RAM 
upload instructions, it allows deterministic test patterns 
to be input to the RAM for more thorough testing. 

The second step, RAM compaction, is accomplished using 
a RAM data compaction instruction. The data 
compaction instruction enables the RAM contents to be 
read and compacted into a 16-bit signature for 1024 
TCKs while the TAP is in it's RT/IDLE state. During this 
instruction, the DIOR operates as a multiple input 
signature register (MISR) and the AREG operates as a 
self incrementing RAM address counter. 

If desired, deterministic testing of the RAM can be 
achieved efficiently using the DMA input and DMA 
output instructions to stream data into and out of the 
RAM. The RAMs data retention can be tested by 
disabling the RAM to its low power mode after it has be 
initialized, then enabling the RAM and testing its 
contents using either the data compaction or DMA 
output instruction. 

PSA Register 

The PSAR receives the 16-bit data bus, serial input from 
the TDI pin, control input from the TAP and EQM, and 
outputs serial data to the TDO pin. Also the PSAR is 
coupled to a bidirectional pin serving as a polynomial 
input or output (PIO) to allow cascading the PSARs of 
multiple DBMs. The PSAR is used to sample or compact 
data input to the DBM via the data bus in response to 
control input from either the TAP or EQM. The selection 
of which control input is used, TAP or EQM, is 
determined by the instruction in the 1149.1 instruction 
register. The PSAR can receive and compact data words 
at up to 40 Mhz. 

The PSAR in Figure 4 consists of a 16-bit MISR and data 
bit masking circuitry. The polynomial tap connections in 
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the MISR are programmable via input from the control 
register in the 1149.1 circuit block of Figure 1, to enable 
use of any polynomial feedback equation during data 
compaction operations^,. Also the bit masking circuitry 
receives masking control input from the control register 
to selectively mask one or more of the data bus input 
signals from being compacted into the MISR. This bit 
masking feature allows the MISR to operate as a 
parallel, serial, or selectable input signature analyzer. 
Also the bit masking provides a method of diagnosing 
why a parallel signature fails, by repeating the test on 
individual or selected groups of non-masked inputs^]. 
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FIGURE 4 PSA Register 

When PSAR operations are controlled from the 1149.1 
TAP, data input on the data bus is compacted into the 
MISR during each TCK while the TAP is in its RT/IDLE 
state. When PSAR operations are controlled from the 
EQM, data input on the data bus is compacted into the 
MISR when the EQM is qualified, via input from either 
the internal CTERM or external EQI signal, to execute 
one of its eight selectable test protocols. After either 
data compaction operation is complete, the signature can 
be shifted out of the MISR by loading in an PSAR read 
instruction and performing a data register scan 
operation to shift out the contents of the MISR. 
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FIGURE 5 Cascading DBMs 

The PSARs of multiple DBMs can be cascaded in 16 bit 
increments to form wider parallel signature analysis 
registers. For example, Figure 5 illustrates three DBMs 
cascaded to form a 48-bit PSAR. During cascaded PSAR 
operation, the least significant DBIvTs (LSDBM) TDI 
input is disabled, the TDO output is enabled to output 
the quotient from the MISR, and the PIO pin is 
configured as a polynomial input to the MISR. The 
middle DBM's (MIDBM) TDI input is enabled to receive 
the TDO output from the LSDBM, the TDO output is 
enable to output the quotient from the MISR, and the 
PIO pin is configured as a polynomial input to the MISR. 
The most significant DBM's (MSDBM) TDI is enabled to 
receive the TDO output from the MIDBM, the TDO 
output is disabled, and the PIO pin is configured as a 
quotient output from the MISR. 



Since the MISR in each DBM is designed using an 
internal type polynomial feedback circuit, any number of 
MIDBMs can be placed between a LSDBM and MSDBM 
without incurring the delays associated with external 
type polynomial feedback circuits. 

Comparator 

The comparator receives the 16-bit data bus, serial input 
from the TDI pin, control input from the TAP and EQM. 
and outputs a compare term (CTERM) to the EQM ana 
serial data to the TDO pin. The comparator is used 
during EQM controlled data trace and compaction test 
operations to detect patterns input to the DBM via the 
data bus and output a CTERM signal to the EQM in 
response to a detection. 
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FIGURE 6 Comparator 

The comparator in Figure 6 consists of a 16-bit compare 
circuit, and two 16x16 memories used to store expected 
data and mask data patterns. The memories are 
accessible for data input/output using either 1149.1 data 
register scan or DMA access modes described in the trace 
memory. The memories provide storage of 16 levels of 
16-bit expected and mask data, enabling the comparator 
to perform up to 16 levels of pattern detection. The 
mask data memory provides selective bit masking on 
each of the 16 pattern detection operations. Masked bits 
become don't cares and are not used in the compare 
operation. 

Programmable Clock Interface 

The PCI receives clock inputs from the CKl, CK2, CK3, 
and TCK pins, control input from the control register, 
and outputs a conditioned clock signal to the EQM. The 
PCI is programmable via input from the control register 
to couple one of the clock inputs or its complement to the 
PCI CLK output, or combine the clock inputs using 
Boolean AND and OR functions and couple the combined 
clock signal or its complement to the PCI CLK output 
The purpose of the PCI is to minimize clock gating and 
selection logic external to the DBM. For example, the 
PCI clock inputs can programmed to accept Motorola or 
Intel type read/write bus control without any external 
interfacing logic. 

Event Qualification Module 

The EQM is a test control macro that has been developed 
by Texas Instruments to provide a standard method of 
enabling an IC's test circuitry during normal operation of 
the IC[ 61 . The EQM receives controfinput from the TAP, 
clock input from the PCI, external event input from the 
EQI pin, internal event input from the CTERM signal, 
serial data input from the TDI pin, and outputs event 
signal b to the EQO pin and serial data to the TDO pin. 
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The EQM of Figure 7 consists of a test controller, an 
event multiplexer, and a scan path consisting of 
command (CMD), loop counter (LPCNT), and event 
counter (EVCNT) sections. The test controller operates 
synchronous to the CLK output from the PCI to execute 
one of eight predefined test protocols. The protocol to be 
executed is input to the test controller via the CMD 
register. The LPCNT register serves as a programmable 
16-bit counter enabling a protocol to be looped up to 2 18 
times. Each protocol is executed in response to event 
inputs from the event multiplexer. The event 
multiplexer can be set via the CMD register to select the 
event input to come from either the internal CTERM 
signal from the comparator or from an external signal 
input via the EQI pin. 
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FIGURE 7 Event Qualification Module 

The EVCNT register serves as a programmable 16-bit 
counter enabling a protocol to be started or stopped on 
the Nth occurrence of predetermined events. Also the 
EVCNT register can be used within a protocol to enable 
testing for a programmed number of CLK cycles, from N 
a 1 to 2 16 . To allow for multiple Nth events and multiple 
clocked test operations within a test protocol, a 16x16 
EVCNT memory is coupled to the EVCNT register. The 
EVCNT memory can be accessed for input and output 
using either 1149.1 scan operations or DMA operations 
as described in the trace memory section. When an 
existing count has expired in the EVCNT register, the 
test controller uploads a new count pattern into the 
EVCNT register. Each protocol can use up to 16 
different count patterns during the execution of a test 
operation. 

During EQM controlled data trace and/or data 
compaction operations, the EQM outputs control to the 
trace memory and PSAR via the EQM control bus. Also 
the test controller outputs test status or internal event 
signals off chip via the EQO pin. In the status output 
mode, test status signals can be output from the EQO 
pin to indicate, among other things, (1) test-in-progress 
or (2) end-of-test. These status outputs can be monitored 
by external controllers or testers to determine the state 
of the test being performed. Alternately, these test 
status signals can be inspected via 1149.1 instruction 
register scan operations. 

In the event output mode, the CTERM signal from the 
comparator can be output from the EQO pin to indicate 
the occurrence of an internal event. The event signal 
output from the EQO pin can be used for triggering an 
external tester, or to input an event to a neighboring ICs 
EQM to initiate a test protocol operation. The action of 
outputting an internally detected event on the EQO pin 
of one IC to be received by the EQI input of another IC 
enables EQMs to cross trigger one another. This cross 
triggering scheme can be expanded to where multiple 



ICs can participate via an external voting circuit to 
generate a global cross triggering mechanism between 
EQO outputs and EQI inputs. 

FQM Ttert Protocol* 

The eight EQM test protocols are summarized in the 
following protocol test action code statements. In each 
protocol, "ftT references a count value from 1 to 2 l8 in the 
16-bit LPCNT, "N" references 1 of 16 stored count values 
(1 to 2 16 ) that can be loaded into the 16-bit EVCNT, 
"test* refers to a data trace and/or data compaction 
operation, "event" refers to a signal input to the EQM 
from either the CTERM output of the comparator or the 
EQI input pin, and "clock" refers to the CLK output from 
the PCI circuit. 



Protocol 1: Fbr M times do; 

On N" 1 event do test 
End of test 

Protocol 2; For M times do; 

During N" 1 event do test 
End of test 

Protocol 3: For M times do; 

On N™ 1 event start test 
On N* h event stop test 
End Of Test 

Protocol 4: For M times do; 

On N* k event start test 
On N th event stop test 
after N clocks 
End of test 

Protocol 5: For M times do; 

On N** 1 event, test for 
N clocks 
End of test 

Protocol 8: For M times do; 

On N" 1 event, 
Pause N clocks 
Then test for N clocks 
End of test 

Protocol 7: On N th event, test for N clocks 
Then forM-1 times do; 
Pause for N clocks 
Test for N clocks 
End of test 

Protocol 8: On event, For M times do; 

Pause for N clocks 
Test for N clocks 
End of test 



DBM TEST APPLICATIONS 

As described previously, the DBM can operate in two test 
modes, an off-line test mode controlled by the TAP, and 
an on-line test mode controlled by the EQM. In the off- 
line test mode the circuitry to be monitored needs to be 
placed in a nonfunctional mode and preferably under 
1149.1 control. In the on-line test mode the circuitry to 
be monitored may remain in its normal functional mode 
while being tested by the DBM. 

In Figure 8, a typical circuit is shown consisting of a 
processor, RAM, ROM, I/O port, burTering/transceiving 
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circuits, and two DBMs. This circuit could be realized on 
either a printed circuit board or multi-chip module 
substrate, and may be one of many such circuits in an 
electronic system. During functional operation, the 
processor outputs address and control to enable data 
transfers between it and one of the other devices in the 
circuit. DBMs are coupled to the processors address, 
data, and control buses. 




FIGURE 8 DBM Application Example 



While non-testing butters/transceivers could have been 
used in this circuit, 1149.1 compliant ones are 
implemented to provide embedded control and 
observability of the processors 16-bit data, 16-bit 
address, and control buses. The 8-bit buffers and 
transceivers used, like the DBMs, are members of TIs 
SCOPE family of testability components and are referred 
to as SCOPE octals [7] . 

In addition to their buffering and transceiving functions, 
the octals include circuitry supporting both 1149.1 
boundary scan and built-out-self-test features. The term 
built-out-self-test (BOST) is probably one the reader may 
not be familiar with and is coined here to differentiate 
from the common terminology of built-in-self-test (BIST). 
BIST is a pseudorandom based test structure designed 
primarily to test circuits. inside an IC, whereas BOST is 
a pseudorandom based test structure designed primarily 
to test circuits outside an IC. 

While in their functional mode, the octals allow the data, 
address, and control bus signals to pass through 
unobstructed. However, when placed in their test mode, 
the octals can execute all required 1149.1 scan based test 
operations as well as additional pseudorandom based 
BOST features 1810 ,i|. One of the BOST features 
included in the octals that is pertinent to the DBMs off- 
line test mode description is the ability to generate and 
output pseudorandom test patterns in response to 
control input from the 1149.1 test bus. 

DBM Off-Lino Test Example 

The primary objective of an off-line test of the circuit in 
Figure 8 is to verify the structural integrity of the 
interconnections between the ICs. Most manufacturing 
failures are those related to shorts and opens in either 
the wiring interconnects between ICs or the solder 
connection between ICs and their associated substrate 
footprints. A secondary objective of the off-line test is to 
verify the basic functionality of each component in the 
circuit. 



1 - Off-Line Short* Hasting 

To achieve the shorts test part of the primary objective, 
the octals as well as the DBMs are scanned into their 
1149.1 external test (Extest) mode. In the Extest mode 
the devices are operable to output test patterns from 
their outputs and receive test patterns into their inputs 
under control input from a test bus controller on the 
1149.1 test bus. During the shorts test, the octals are 
scanned to output a sequence of test patterns, such as 
walking ones, on the data, address, and control buses. 
Concurrently, the DBMs are scanned to receive the test 
patterns from the octals and output them to the test bus 
controller for inspection. 

Alternately, a shorts test on the data and address buses 
could be accomplished by enabling the octals to generate 
and output pseudorandom patterns while the DBMs 
receive and Btore the patterns into their trace memory 
and/or compact the patterns into their PSAR. After the 
test is complete, the test bus controller accesses the 
stored test pattern response and/or signature from the 
DBMs for processing. This shorts test may provide a 
reduced test time over the scan based shorts test, since 
the test patterns are generated by the octals, not 
scanned into the octals. 

2 - Off -Line Opens Testing 

To achieve the opens test part of the primary objective, 
the octals are scanned into their 1149.1 Extest mode ana 
operated under control input from the test bus controller 
to emulate processor read and write operations to the 
RAM, ROM, and I/O port. Good connectivity between 
the octals and the RAM and I/O port is verified by 
successful read and write operations. Good connectivity 
between the octals and the ROM is verified by successful 
read operations. 

3 - Off-Line Component Testing 

To achieve the secondary objective of the off-line test, the 
functionality of the RAM, ROM, and I/O port must be 
verified. The I/O port can be easily verified by scanning 
the octals into their Extest mode and inputting and 
outputting a sequence of data to the I/O port via multiple 
1149.1 scan cycles. 

The RAM can be tested by first loading it with test 
patterns, then reading back the test patterns to verify 
they were input and output correctly. While there are 
ways to automate the loading of the RAM using the 
BOST features of the octals, the loading here iB 
performed by scanning the octals into their Extest mode, 
then scanning them multiple times to provide the 
address, data and control required to load the RAM. 

After the RAM is loaded, the octals are scanned to setup 
the RAM read part of the test. During RAM reads, the 
output of the data octals are disabled, the control octal is 
set to Extest mode and outputs control for read 
operations, the higher order byte addressing octal is set 
to Extest mode and addresses a 256 location address 
range within the RAMs memory space, and the lower 
order byte addressing octal is set to output 
pseudorandom patterns within the specified 256 location 
RAM memory space during the TAP RT/IDLE state. 
Also DBM2 is scanned to enable its trace memory to 
operate during the TAP RT/IDLE state. During the 
RT/IDLE state, the low order address octal outputs 
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addresses on the falling edge of the TCK and DBM2 
stores RAM output data on the rising edge of the TCK. 

After 254 TCKs the test bus controller moves the octals 
and DBM2 out of the RT/IDLE state, scans the higher 
order address octal to point to the next 256 location 
address range within the RAM memory space, then 
moves the devices back into the RT/IDLE state for 254 
more TCKs. The 255 th TCK of each address sequence is 
produced upon moving out of the RT/IDLE state. This 

Erocess is repeated four times to fill the trace memory of 
>BM2. 

After the trace memory fills, the test bus controller 
inputs a DMA output instruction into the DBM and 
streams out the contents of the trace memory. The test 
bus controller must read the first (>00) memory location 
of each 256 location address range using the Extest mode 
to complete the test. This additional step is required 
since pseudorandom generators cannot produce an all 
zero output. This entire process is repeated until all the 
RAM data has been read. 

Testing of the ROM is simpler than the RAM since no 
preloading of test data is required. During ROM testing 
the octals and DBM2 are setup and operated as 
described in the RAM read test description. The only 
difference is that the ROM will be located in a different 
memory map space than the RAM. 

If a faster ROM or RAM read access is desired, the data 
read from either could be compacted into a 16-bit 
signature using DBM2's PSAR. After the data is 
compacted, the signature is accessed by the test bus 
controller and compared to an expected value. The 
reduction in test time is brought about by the ability of 
the PSAR to compact the entire contents of the ROM or 
RAM before outputting the signature to the test bus 
controller. 

Additional SCOPE buffering/transceiving devices are 
being developed. These devices will be in 8, 16. and 18- 
bit configurations, and will provide both pseudorandom 
and binary counting output modes. The binary count 
output mode will eliminate the missing read operations 
to all zero" address locations associated with the 
pseudorandom output mode. Also, if 16-bit devices were 
used in this example, the RAM/ROM read operations 
would be much more efficient since they would not have 
to be interrupted every 256 locations to scan in the next 
higher 256 location address range. 

DBM On.Line Teat Eynmpl» ff 

The objective of an on-line test of the circuit in Figure 8 
is to verify that the circuit as well as the controlling 
software functions properly at its rated speed. If the 
circuit passes an off-line structural and component test, 
there is a good chance it will operate at-speed However, 
subtle problems associated with the interaction of the 
ICs in response to software control cannot be adequately 
tested in an off-line test environment. 

To provide an embedded on-line testing method, the 
DBMs can be controlled via their internal EQMs to 
monitor the circuits functional operation. During on- 
line testing the octals remain in their functional mode 
and do not participate in the test. The 16-bit data bus 
input of DBMl is connected to the processors address 
bus to allow triggering on and tracing of address 



patterns. The 16-bit data bus input of DBM2 iB 
connected to the processors data bus to allow triggering 
on and tracing of data patterns. The CK 1, 2 and 3 
inputs of both DBMs are connected to the processors 
control bus to allow test operations to be enabled and 
synchronized with read, write, or read/write bus 
transactions. The TAP pins of the DBMs are connected 
to the 1149.1 test bus to allow an oxtornal test bua 
controller to input test instructions, monitor test status, 
and receive test results. 

To expand the DBMs event qualification capability, the 
EQO outputs from both DBMs are input to an And gate, 
and the EQI inputs to both DBMs receive the output 
from the And gate. This is a standard configuration for 
ICs equipped with EQMs and allows the qualification of 
a test operation to be determined by events detected in 
DBMl, DBM2 or both DBM 1 and 2. 

Since the DBMs have eight protocols from which a 
monitoring operation may be controlled, the first step is 
to determine the type of test to be performed, then select 
a protocol best suited for the test. For example, if the 
test is to trace data bus transactions occurring between 
two particular addresses, protocol 3 would suffice. 
Alternately, if the test is to sample a single data pattern 
in response to the occurrence of a particular data and/or 
address pattern, then protocol 1 one may be used. 
Moreover, if the test is to compact data appearing on the 
data bus for a predetermined number of bus cycles in 
response to the occurrence of a particular data and/or 
address pattern, then protocol 5 may be used. The range 
of defined protocols provides the user with a very flexible 
triggering environment through which a test operation 
may be effectuated. 

After choosing the appropriate test protocol, the control 
and data required by the protocol is input to the DBMs 
via the 1149.1 test "bus. Following this protocol setup 
procedure, an instruction is input to the DBMs, via the 
1149.1 test bus, to initiate the on-line test operation. 
Once the DBMs receive the on-line test instruction, their 
operation is autonomous from the 1149.1 test bus. 
During test, the test bus controller can monitor the state 
of the DBMs by accessing test status information via 
1149.1 instruction register scan operations. 

When the test bus controller receives an end-of-test 
status output from the DBMs, it performs an instruction 
register scan operation to input an instruction to access 
the test results. If a data trace operation was performed, 
an instruction enabling a read of the trace memory is 
input. If a data compaction operation was performed, an 
instruction enabling a read of the signature is input 
After the test bus controller receives the test result data, 
the data may be processed as required. 

In some applications, the test result data may need only 
to indicate a pass or fail condition using the signature 
analysis test mode. In other applications, the test data 
result may be used to help diagnose hardware/software 
integration problems using the data trace mode. To 
facilitate human interpretation of the test result data, 
the test bus controller may output trace data to a video 
monitor for display in a standard logic analyzer 
waveform format. 

To simplify the use of the DBM's on-line test features, 
software support iB being developed in TIs ASSET"- 
diagnostic system^ 13] . The software support will 
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include a windowing environment through which on-line 
test operations can Be easily setup and executed, and the 
results displayed in a waveform format. From a UBers 
perspective the interface to DBMs will be similar to that 
used by traditional logic analyzer testing instruments. 

The following example applications provide insight into 
some of the types of on-line test operations the DBM can 
perform on the example circuit of Figure 8. 

1 - On -Line lb sting During An Event 

As part of the normal operation of the circuit, the 
software program controlling the action of the processor 
periodically addresses the I/O port to enable multiple 
transfers of data into and out or the circuit The DBMs 
can non-intrusively trace and/or compact the circuits 
data I/O transfers by using DBMl to provide the 
triggering function ana DBM2 to provide the data trace 
and/or compaction function. In this example a trace 
operation is selected. 

To setup any EQM controlled test operation, three basic 
decisions need to be made, (1) protocol selection, (2) 
protocol control input selection, and (3) number of times 
(M) to repeat the protocol. Since the I/O port uses only 
one address in the processors memory map space, 
Protocol 2 best fits the protocol selection for this test 
application (decision 1). Since the PCI circuit of the 
DBMs can be programmed to respond to read, write, or 
read/write control input from the processor, the data to 
be traced can be defined as input only, output only, or 
both input and output. To test both directions of data 
transfer through the I/O port, the PCI is selected to 
enable tracing of both input ana output data (decision 2). 
Assuming each I/O operation transfers 100 data words 
and it is desired to fill the trace memory, but not 
overflow it, the trace operation is set to repeat 10 times 
(M=10), to allow 1000 I/O transfers to be traced (decision 
3). 

With these setup decisions made, the 1149.1 test bus 
controller inputs the required data and control to the 
DBMs to execute the I/O trace teat. After starting the 
test, the test bus controller monitors the test status via 
instruction scan operations. During the test DBMl 
continuously monitors the address bus for the I/O port 
address. When DBMl detects the address, it outputs an 
EQO signal to the And gate, which in turn inputs the 
signal to the EQI input of DBM2. While the EQI input 
signal is present, DBM2 stores the I/O data transfers 
into its trace memory. When DBMl detects a different 
address, it stops outputting the EQO signal which 
terminates the first I/O trace operation of DBM2. 

The second through tenth repetitions of the I/O trace 
operation are performed exactly as the first. At the end 
of the tenth I/O trace operation, the end-of-test status bit 
is set in DBM2. When the test bus controller detects the 
end-of-test status, it accesses the trace data stored in 
DBM2 using either the 1149.1 scan or DMA output 
modes and either processes the data directly or displays 
it in a desired format for human interpretation. 

2 - On-Line Testing Between Two Events 

During program execution the processor reads and 
writes data and instruction words to the RAM. If 
desired, the DBMs can be used to trace and/or compact 
selectable R/W transfers between processor and RAM 



memory. In this example the transfers are traced. The 
RAM R/W trace operation differs from the I/O trace 
operation in that RAM is accessed via a plurality of 
sequential addresses within the processors memory map. 
Since the RAM has a different addressing scheme than 
the I/O port, a different protocol is required for the trace 
operation. 

During RAM R/W tracing the DBMs need to window the 
trace operation between a first address that starts the 
RAM R/W trace operation and a second address that 
stops the RAM R/W trace operation. Protocols 3 and 4 
support test operations bounded by starting and 
stopping events or in this case addresses. Protocol 4 
enables additional trace operations to continue for a 
specified number of bus cycles after the stop event, 
whereaB Protocol 3 stops the trace operation in response 
to the stop event 

Since only the data within the window is to be traced, 
Protocol 3 is selected for the R/W trace operation. Also, 
during the RAM R/W trace operation, the address 
associated with each data word is traced, to simplify 
interpretation of the data by the user. Since Protocol 3 
enables the trace operation in DBM 1 and 2 to be 
repeated a specified number of times (M) with up to 8 
pairs of different start and stop addresses (events), it is 
possible to perform multiple RAM R/W traces within the 
protocol. 

For the RAM R/W trace operation both DBMs are setup 
to; (1) perform Protocol 3 operations, (2) trace both 
address and data for both read and write transfers, and 
(3) repeat traces for 5 times. With these setup decisions 
made, the 1149.1 test bus controller inputs the required 
data and control to the DBMs to execute the RAM R/W 
trace test. After starting the test the test bus controller 
monitors the test status via instruction scan operations. 

During the test DBMl continuously monitors the 
address bus for the first trace start address. When 
DBMl detects the address, it outputs an EQO signal to 
the EQI input of DBM2. In response to the first trace 
start address, DBMl starts tracing addresses and 
monitoring for the first trace stop address, and DBM2 
starts tracing data. When DBMl detects the first trace 
stop address it signals DBM2 via the EQO to EQI signal 
path. In response to the first trace stop address, both 
DBMs stop their trace operations ana DBMl starts 
monitoring the address bus for the second trace start 
address. 

The second through fifth trace operations are performed 
exactly as the first. At the end of the fifth trace 
operation, the end-of-test status bit is set in DBMs 1 and 
2. When the test bus controller detects the end-of-test 
status, it accesses the trace data stored in DBMs 1 and 2 
using either the 1149.1 scan or DMA output modes and 
either processes the data directly or displays it in a 
desired format for human interpretation. Since both 
address and data were traced, the display can associate 
each data word transfer with a particular address. 

3 - On-Line Testing In Response To An Event 

In some monitoring applications it may be desired to 
trace and/or compact data words transferred between the 
processor and I/O, RAM. and ROM in response to a 
single predetermined address and/or data pattern. To 
enable this type of test operation, Protocols 1, 5, 6, and 7 
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should be considered. Protocol 1 enables a single data 
trace and/or compaction operation in response to an 
event Protocol 5 enables data trace and/or compaction 
for a specified number of bus cycles in response to an 
event. Protocol 6 enables the steps of (1) pausing for a 
specified number of bus cycles ana (2) performing a data 
trace and/or compaction operation for a specified number 
of bus cycles. Protocol 7 enables the steps of (1) 
performing a data trace and/or compaction operation for 
a specified number of bus cycles and (2) pausing for a 
specified number of bus cycles. Each protocol can bo 
repeated M times. 

One application of this type of test protocol would be to 
use Protocol 1 to take a single snapshot sample of the 
data bus in response to a particular address pattern. In 
this application DBM1 would detect a predetermined 
address and output an event signal to DBM2. In 
response to the event input, DBM2 would execute a 
Protocol 1 operation to sample and store the pattern on 
the data bus. After the test, the test bus controller 
accesses the sampled pattern from DBM2 for displaying. 
While the other protocols of this type offer expandea test 
control features, many hardware and software debug 
tasks can be resolved by viewing a single pattern in 
response to a particular circuit state or condition. 

Another application of this type of test protocol would be 
to use Protocol 5 in combination with a self test program 
residing in the ROM to compact the contents of the ROM 
into a signature. The self test program would bo 
designed to cause the processor to sequentially read the 
contents of the ROM from the ROM's starting address to 
ending address. Prior to invoking the self test, DBMl 
would be setup to detect the occurrence of a read 
operation to the ROM's starting address and to output 
an event signal to DBM2. Also, DBM2 would be setup to 
perform a data compaction operation on each ROM read 
cycle in response to an event input signal from DBMl 
using Protocol 5. The N variable in Protocol 5 would be 
set to equal the address range of the ROM. This testing 
scenario assumes the processor can upload the self-test 
code from ROM prior to starting the ROM read 
operations so that the self-test code executes internal to 
the processor, not externa] to the processor. After the 
self test completes, the data compacted in DBM2 can be 
accessed by the test bus controller to compare the ROM 
signature against a known good signature. 

Still another application of this type of test protocol 
would be to use Protocol 6 to respond to an event and 
perform a data trace and/or compaction operation after a 
predetermined delay. Far example, if the software 
program transfers into an area of code that is to be 
tested, and it is not desired to start the test when the 
transfer first occurs, a delay can be setup in Protocol 6 to 
suspend testing for a selected number of bus cycles (N). 
After the delay, the data can be traced and/or compacted 
for a selected number of bus cycles (N). With the ability 
of Protocol 6 to repeat the steps of pausing and testing M 
times, the data trace and/or compaction operation can be 
accurately mapped into only those areas of code to bo 
tested, skipping over areas of code not to be tested. 

Protocol 7 is the inverse of Protocol 6 in that it allows 
testing to begin immediately in response to an event, 
then paused for a specified number of bus cycles before 
once again testing for a number of bus cycles. The 
inverse test scenario of that described for Protocol 6 can 
be envisioned for testing using Protocol 7. 



4 - On-Line Failure Monitoring 

While the previous examples have been associated with 
test operations setup and executed by a test bus 
controller for the purpose of testing the at-spesd 
operation of the circuit, the DBMs can be used in a 
different way to achieve still another embedded 
monitoring capability. To set this scenario up assume 
that the data inputs from the I/O port indicates some 
external condition that the circuit is monitoring. 
Normally the inputs can be monitored and processed 
without problems. However, if an unexpected input is 
received that the program is unable to process, it 
transfers into an area of code designed to recover from 
such failures and to output status via the I/O port that it 
has encountered the failure. When attempting to 
diagnose the problem it would be beneficial to have a 
history of the circuits operation before and after the 
occurrence of the failure condition that caused the 
problem. 

To provide a means of monitoring for failure conditions 
ana for creating a history of the circuits operation before 
and after the failure, the DBMs can be setup using 
Protocol 4 to continuously trace the data and address 
buses while the circuit is operating. Protocol 4 is a 
windowing type protocol that allows the trace operation 
to be started in response to a first predetermined event 
and stopped N clocks after the occurrence of a second 

! (redetermined event. When using Protocol 4 as control 
or failure monitoring, the trace functions of both DBMs 
are started in response to some arbitrary address/data 
pattern that occurs normally during the operation of the 
circuit However, the second address/data pattern that 
initiates the termination of the trace operation is 
specified to be the particular address/data pattern that 
transfers code execution into the failure recovery and 
status output routine. 

With the DBMs setup in this mode, they continuously 
input and store address and data patterns into their 
lKxl6 trace memory during each bus cycle. During this 
test scenario, the trace memory is enabled to overflow or 
wraparound as it fills with data. If no failure is 
encountered, Protocol 4 never terminates. However, if a 
failure occurs the DBMs will Btop storing address and 
data patterns into the trace memory after a specified 
number of bus cycles (N). The specified number of bus 
cycles to continue tracing after detection of a failure is 
defined by the user ana allows partitioning the trace 
memory of DBMs 1 and 2 into two sections, one for pre- 
failure circuit history and the other for post-failure 
circuit history. 

For example, if Protocol 4 is set to terminate the trace 
operation 512 bus cycles after detecting a failure, half 
the DBMs trace memory (512 locations) will contain 
information about the circuits operation before the 
failure and half will contain information about the 
circuits operation after the failure. By increasing the 
number of bus cycles to execute following the failure, the 
trace memory will contain more post-failure information. 
Likewise, by decreasing the number of bus cycles to 
execute following the failure, the trace memory will 
contain more pre-failure information. 

A test bus controller monitoring the DBMs status via 
instruction register scans can determine if the Protocol 4 
operation terminates. If a termination is found, the test 
bus controller can access the address and data patterns 
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stored in trace memories of DBMl and DBM2 and 
provide this circuit history information to aid in 
diagnosing the cause of the failure. 

On-Line Testing of System Sub-Circuit* 

In the examples described, the DBM*s on-line test modes 
have been shown to provide an improved method of 
testing the at-speed operation of the circuit in Figure 8. 
If the test scenario is expanded to encompass a complete 
system comprising multiple sub-circuits similar to the 
one in Figure 8, the benefit of the DBM*s on-line testing 
features becomes even more significant. 

While it is important to verify the functional operation of 
each sub-circuit in a system, it is even more important to 
verify the complete functional operation of the entire 
system. If DBMs were included in each sub-circuit of a 
system, their testing capabilities could be used to 
functionally test each sub-circuit, then harnessed 
together to provide a method of concurrently testing the 
functional operation of the entire system. 

Such a capability would be equivalent to having logic 
analyzers embedded and coupled to all critical signals 
and buses in each buried sub-circuit within a system. 
System level on-line monitoring could be achieved by 
setting up the DBMs in each sub-circuit to perform an 
at-speed test operation in response to a predetermined or 
expected system level transaction. 

For example, if the system sub-circuits are similar to the 
one in Figure 8, ana they communicate together at the 
system level via their I/O port, the DBMs of each sub- 
circuit could be setup to monitor the I/O port for an 
expected input or output transaction. In response to the 
expected transaction, the DBMs of each sub-circuit could 
simultaneously execute a data trace on the local 
operation of each sub-circuit. After this system level test 
is completed, a test bus controller could access the traced 
data from each sub-circuit and process the data to 
determine how each sub-circuit responded during the 
predetermined system level transaction. 

The power of such a test approach comes from the fact 
that the functional operation of a plurality of sub-circuits 
can be monitored concurrently and non-intrusively 
during normal system operation. Thus the functional 
interaction between multiple embedded sub-circuits in a 
system can be tested to verify that each sub-circuit as 
well as the entire system operates properly. 

SUMMARY 

While the off-line and on-line test features described in 
this paper require adding DBMs to boards/multi-chip 
module substrates, the benefit gained may. in some 
applications, offset the additional package/die penalty 
incurred. Without including the DBMs in the example 
circuit, the type of test operations described would have 
to be performed using external test instruments and 
probing mechanisms. If the circuit is embedded within a 
system, access for probing may be a difficult and time 
consuming proposition, if possible at all. 

The decision whether to use DBMs in a product is 
influenced by many factors such as; product type, 
manufacturing costs, test requirements, and life cycle 



costs. In any case, the DBM offers a test option 
currently not available to the industry, and provides a 
novel method of testing state-of-the-art technologies that 
are resistant to traditional test approaches. 

CONCLUSION 

This paper has described the architecture and operation 
of an 1149.1 based digital bus monitor (DBM) IC. The 
ability of the DBM to monitor the at-speed signal 
transfers between ICs in real time provides a method of 
monitoring the functional operation of circuits assembled 
on board and multi-chip module substrates. Such tests 
can be used to reveal timing sensitive and/or 
intermittent failures that would otherwise not be 
detectable without the use of external testers and 
mechanical probing fixtures. This test approach may, in 
some cases, reduce the cost to manufacture and support 
a product by reducing the need for test equipment in 
both factory and field environments. 
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Introduction 

Typical 1149.1 Scan Architecture Descriptions 

Star vs. Scan path system scan designs addressed in IEEE 
1149.1 use either a single scan path, employing a common 
mode line and daisy-chained data (scan path), or separate 
mode lines to individually controlled independent rings and 
common TDIflDO signals (star). Figure 1 depicts each con- 
figuration. Each can have advantages over the other depend- 
ing on applications and design requirements. 

The reduced path lengths of a star configuration simplify the 
scan controller design since each scan path is shorter than if 
the entire system were connected on a single scan path. Al- 
though the same amount of data may be necessary to control 
the entire system, the overhead of tracking unused elements 
in the scan path for a particular test is reduced. The star config- 
uration is usually recommended for systems that require indi- 
vidualized control over independent functions or shorter 
scan-path lengths to simplify the scan controller design. The 
star configuration also has an inherent fault tolerance as an ad- 
vantage. Because each of the rings in a star configuration is 
isolated from the system, a fault within the scan path itself . 
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does not corrupt the entire system scan path as would be the 
case in a scan-path configuration. A multi-board system cm- 
ploying a scan-path configuration has the ability to control all 
of the elements in a scan path regardless of the board on which 
they are located. A system that is backplane bus intensive or 
has functions spread across board boundaries would most 
likely employ a scan-path configuration to simplify board 
boundary and functional testing. 

Scan-Path Linker (SPL) and Scan-Path 
Selector (SPS) Overview 

Theory of Operation 

The scan ring family of devices (SPS and SPL) provide the 
ability to create a hybrid star-scan-path architecture in a sys- 
tem while maintaining the advantages of both. The devices 
can be used to bypass an entire scan path on a board or select 
up to four independent rings (SPL) on the board. A single scan 
path can be selected and scanned or a combination of rings can 
be linked together in series, depending on the scan ring sup- 
port device being used. Figure 2 depicts the SPS as it would 
be connected in a system. 
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Figure 1. Ring and Star Configurations 
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Figure 2. SPS System Scan Design 



Note that each board is in a scan-path configuration while in- 
ternal to the board, a star configuration is created by the SPS. 
A feature of the scan ring support devices is the ID bus that 
uniquely identifies a board to a system controller. The ID bus 
in the SPS (SN74ACT8999) also serves as a bidirectional data 
bus (BiD), capable of communicating with a remote bus con- 
troller or other on-board controller through the scan interface. 



The 'ACT8999 also has a remote controller input that can be 
used to share the board's scan buses between the Primary Bus 
Controller (PBC) and a Remote Bus Controller (RBC) on the 
board. The remote input can select any of the four scan rings 
on a board while maintaining the primary path through the de- 
vice to the rest of the system. In order to properly handshake 
with the board for remote-control handoff, ID bus operation, 
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or status/interrupt capabilities, a four-wire status bus is in- 
cluded in the devices. Those wires are labeled Master Condi- 
tion Input (MCI), Master Condition Output (MCO), Device 
Condition Input (DCI) and Device Condition Output (DCO). 
The DCI pin also serves as the clock input to an 8-bit internal 
programmable counter. Properties such as the polarity of the 
clock, up/down counting, and latch-on-zero in the countdown 
mode are all programmable. The DCO pin can serve as the ter- 
minal count (MAX/MIN) output to allow cascading or inter- 
rupting the scan controller. 

Select Register Operation 

The SELECT data register is an 8-bit control register that de- 
termines the output of each of the DEVICE TEST MODESE- 
LECT (DTMS) signals (2 bits per output). The select decod- 
ing for a single DTMS is shown in Table 1. 

Table 1. Select Register Decoding 



Select 
MSB 


Bit 
LSB 


DTMS Output 


0 


0 


High (STRAP) 


0 


1 


Low (IDLE) 


1 


0 


OTMS* 


1 


1 


TMS 



* For devices without OTMS input, TMS is transferred to DTMS. 



It is the same for each of the other DTMS outputs. For the case 
of a scan-path device not having an OTMS (remote) input, the 
device will route the primary TMS to the selected DTMS out- 
put. When an output or outputs are selected to convey TMS, 
the scan-path device waits until the primary TMS enters the 
IDLE state before multiplexing the TMS and TDI to the sec- 
ondary scan path. This ensures proper state synchronization 
between the primary and board scan path(s) with respect to the 
TAP controllers on each. Any other means to "open" a sec- 
ondary scan path would result in scan-path corruption and 
asynchroneity of data and control, and therefore is not allowed 
within the scan-path device hardware. This must be clearly 
understood by the software or firmware controlling the scan- 
path device so that the hardware is configured as the software 
believes it is. Referring to Figure 3, when a secondary scan 
path is opened, the TMS is driven directly to the output with 
internal delays only. Due to the routing of the data path direct- 
ly from TDI to DTDO, it is necessary to sample the data on 
the rising edge of TCK and output to the secondary scan paths 
on the falling edge of TCK to comply with IEEE 1149. 1 speci- 
fications. This creates an extra bit of data in the path whenever 
an external scan path is selected, but it is necessary to ensure 
data synchronization to the rings at high TCK frequencies. 
This sync bit will be present in all data and instruction scans 
and must be recognized by the scan bus controller whenever 
a secondary scan path is opened. The data from the scan path 
is then fed to the "normal" input of the scan-path device data 
or instruction registers and output to the primary scan path. 
For the SPL (SN74ACT8997), much the same data path is 
created. 



Partitioning Designs With 1149. 1 Scan Capabilities 



A-103 



I RING ELEMENTS 



OTMS 



IP BUS 



PTPI 



FROM 

PRIMARY 

RING 

TMS 
TPI 



REMOTE 
TAP 



DTDI 
MUX 



PRIMARY 
TAP 



SELECT 
REGISTER 



CONTROL 
REGISTER 



COUNTER/ID 
REGISTER 



BYPASS 
REGISTER 



INSTRUCTION 
REGISTER 



L 1 



DTMS 
CONTROL 



DTDO 
RESYNC 



TOO 
MUX 



DTMS 



DTDO 



TDO 



Figure 3. Scan-Path Selector (SPS) Scan-Path Ring with Ring Selected 
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Figure 4. Scan-Path Linker (SN74ACT8997) 
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Figure 5. Scan-Path Linker Data Path 



Referring to Figure 4, the Scan-Path Linker again introduces 
an extra bit into the data path of each secondary scan path 
when opened. Figure 5 depicts the actual scan order when one 
or four secondary scan paths are opened in Scan-Path Linker. 

Each of the sync bits are bypassed when a scan path is not se- 
lected and only the scan path or rings that are selected will in- 
troduce an extra bit into the path. 



Remote Bus Controller Interfaces 

When a Remote Bus Controller (RBC) is present with the 
Scan-Path Selector, certain interfaces to and from the SPS de- 
vice need to be modified to ensure proper operation. The RBC 
inputs its TMS output to the OPTIONAL TMS (OTMS) pin 
of the SPS. When the SELECT register is loaded to output 
OTMS to the DTMS outputs, the CONTROL register must 
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also be loaded with the RBC Enable bit (RBCE) set TRUE to 
allow the RBC TMS direct control of the SELECT register. 
In this mode the Remote Test Access Port (RTAP) controls the 
shifting of data through the DTDI to the DTDO to the rings. 
When the RTAP is in control a dedicated instruction and by- 
pass register become activated to emulate a true 1149.1 inter- 
face as seen by the RBC, as depicted in Figure 6. 



The only valid instructions are 'scan the select register' or 
'scan the bypass bit' during this mode of operation. The Pri- 
mary Bus Controller (PBC) still has the ability to scan the oth- 
er registers in the SPS that enables it to disable the RBC by set- 
ting the RBCE bit to FALSE should it become necessary. 
When connecting an RBC to the SPS the normal interfacing 
must be altered as shown in Figure 7. 
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Figure 6. Scan-Path Selector (SN74ACT8999) with Optional (Remote) TMS Selected 
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Figure 7. Remote Bus Controller Interface to Scan-Path Selector 



The TDO signals of each of the rings must pass through the 
RBC in order for the RBC to receive data when active. In the 
same way each of the rings is resynchronized within the SPS, 
the RBC must clock the TDO data in and pass it out to the 
DTDI input of the scan-path device when inactive. For this 
reason, all of the DTMS signals must be fed to the RBC in or- 
der to determine when data is being shifted through a scan 
path so that the internal resync bit can be properly clocked or 
held. When activated, the RBC must also have the ability to 
bypass all of the rings, hence the requirement to feed the 
DTDO of the scan-path device directly to the RBC. Finally, 
to ensure proper handoff of control of the board rings, it is rec- 
ommended that the RBC receive MCO from the SPS, to signal 
a grant from the PBC, and send DCI to the SPS, to indicate to 
the PBC that the RBC is currently using the board rings. This 
is also the handshake mechanism between the PBC and RBC 
for BiD bus transfers. 



Partitioning 1149.1 Designs 
Using the Scan-Path Support Devices 

System 'Level Partitioning and Considerations 
Design Requirements 

The ability to create a hybrid star/scan-path architecture using 
a scan-path device has many advantages over a single scan- 
path design. Scan designs can be partitioned in such a way as 



to completely isolate functions for testing while leaving oth- 
ers undisturbed. In scan-path architecture this is also possible. 
However, the devices not related to a particular test still must 
be placed in the BYPASS SCAN mode through an instruction 
scan, and the bypass bit in the data path must be recognized 
by software. In a design that requires time slice testing, that 
is, taking a function off-line to run a test and returning it back 
within a fixed amount of time, lends itself quite well to the 
scan-path device architecture. The controller can open a sec- 
ondary scan path, test a function, and replace it to normal op- 
eration while not disturbing or scanning other functions in the 
system. In order to properly implement such a scheme, a care- 
ful design requirement must be developed in advance to ac- 
count for any possible unexpected operations when exercis- 
ing a function. For instance, an ASIC self test may inadver- 
tently toggle its device outputs that in turn ripple to another 
function not under test. The inputs of the ASIC under test must 
be isolated so that the circuits feeding it do not effect the self- 
test. Avoiding inadvertent operation is probably the most 
common consideration but there are many others when imple- 
menting a time slice test scheme. Only through proper system 
definition and specification can all of the pitfalls be avoided. 
Another advantage of using a scan-path device is the ability 
to have a remote bus controller resident on the board to relieve 
the test burden of the primary bus controller. This creates a 
distributed test structure in which the PBC can command tests 
to be run autonomously on multiple boards and report status 
back. The relief realized at the system level is, of course, not 
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without cost. The development of board controller software 
will still be necessary as well as the handshaking and reporting 
structure between master and remote. This structure has a 
payoff throughout a product life cycle by exploiting tests dur- 
ing board and system integration, board production and depot 
testing as well as common module insertion. It can also reduce 
system test times by having all tests within a system running 
tests concurrently and reporting status instead of a single pri- 
mary system executing tests in series. 

Partitioning of Scan Paths 

The proper partitioning of rings is the single most important 
factor in successfully reaping the benefits of scan-path device 
insertion into a scan design. Normally a board is functionally 
partitioned within a system by design. Within a board, func- 
tions also need to be partitioned for scan testing by placing 
test-related scan elements adjacent in the scan path. When us- 
ing a scan-path device this is a requirement to enable efficient 
use of the device. If a test requires scanning of devices on sep- 
arate rings of a scan-path device on a board, the controller 
must scan the devices to stimulate a test, scan the scan-path 
device SELECT register to place the stimulus secondary scan 
path in IDLE in order to hold the data, and open the response 
scan path, and then scan the results from the response scan 
path. This procedure becomes even more complex should the 
stimulus and response elements be mixed on separate rings. 
Should the test involve a dynamic stimulus and response, that 
is not static patterns, repeatability may not be possible. This 
fact arises due to the need to leave either the stimulus or re- 
sponse elements in IDLE (which implies running) while the 
other is being initialized. The time between scanning the first 
scan-path elements and the second could be variable or cause 
unknown data to be generated or sampled. Careful timing 
analyses can be performed to eliminate the problem but such 
an architecture is not recommended. Instead, the linkable 
scan-path device, SPL, should be used if scan elements for 
tests MUST reside on different rings for multiple uses, i.e., an 
element in RING1 is used for stimulus in a test with RING2, 
and response with elements on RIN03. In most cases this is 



avoidable or optimization is possible to minimize the number 
of "inter-scan path" tests through proper partitioning. 

How Much Scan 

Another consideration for system-level designs is how much 
partitioning should be performed. Each scan-path device has 
four rings that can be used in a design, but not all of them have 
to'be used. If the design does not lend itself to creating four 
separate rings, two or three can be used. This can create an 
open scan-path condition when an unused scan path is inad- 
vertently selected. Great care must be taken during software 
development and design to avoid this possibility from occur- 
ring through constraint checking. If SPL is used, the DTDO 
and DTDI of unused rings can and should be tied together to 
at least create a path for data. Software must still detect the 
lack of any devicc(s) on the scan path that was opened, based 
upon instruction scan error checking or through examination 
of the scan-path device's SELECT register. This problem 
compounds itself when multiple scan-path devices exist with- 
in a system that have unused DTMS signals. Under such con- 
ditions the scan controller software will have to find the SE- 
LECT register contents of each scan-path device in the scan 
path to detect the error, determine the true state of the scan 
path, and correct the problem. The controller software be- 
comes an issue in determining whether to use the scan-path 
device in a design. The obvious solution is to use all of the scan 
rings available on the scan-path device. Switching between 
multiple secondary scan paths for a test again becomes a prob- 
lem and the SPL is recommended. If a remote controller is be- 
ing used, all of the DTMS signals and the DTDO must be fed 
to it and can be used to detect the error condition, maintain the 
data-path integrity, and signal the PBC through the DCI-> 
DCO status signals of the condition. 

Board Boundary Testing 

When implementing scan-path devices into designs that con- 
tain board boundary scan elements to test backplanes or mo- 
therboards, two options exist for placing the boundary ele- 
ments as depicted in Figure 8. 
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Figure 8. Board Boundary Element Scan-Path Options 



Board A has the boundary elements placed on the primary 
scan path of the system. This would allow for two scenarios. 
First, if an RBC was also present on the board, the PBC could 
perform board boundary tests while the RBC performed 
board tests. Secondly, this implementation also allows select- 
ing a scan path on the board and scanning the boundary ele- 
ments to perform multiple tests concurrently. The disadvan- 
tage of this scheme is that the board is no longer isolated from 
the system by a single interface and some of the fault tolerance 
of the scan-path device architecture is lost. Board B places the 
boundary elements on a scan path of the scan-path device. 
This option retains all of the advantages of the scan-path de- 
vice fault tolerance with the trade-off being the inability to run 
RBC concurrent tests if one is present in the design. In both 
cases board-to-board testing is still possible using the system 
scan-path architecture and the ability to open a scan path on 
each board. 

Partitioning a Board Design - An Example 
Memory Board Description 

The example given is a simple memory board. It consists of 



a bus interface controller that could be an ASIC or discrete cir- 
cuitry. The bus controller decodes address and control activity 
on the backplane and creates the necessary address and con- 
trol signals required locally for memory and I/O cycles. The 
board also includes further decoding to create specific device 
selects for the memory and I/O arrays and any further control 
signal generation not performed within the bus controller. Fi- 
nally, the board contains a memory array and I/O register 
array. The memory array could contain both static- and 
PROM-type devices. 



Partitioning for Test 



The buffers for the board are chosen from the 'BCT8XXX 
family of 1149.1-compatible octal devices 
('BCT8244,8245,8373,8374). Referring to Figure 9, the 
placement of these devices partition the board into its three 
functions; bus controller, decode circuitry, and the memory 
and I/O space. 
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Figure 9. Memory Board Partition Example Using Scan-Path Linker 



In addition, the backplane has been isolated by inserting the 
1149.1-compatible octals for testing the interface to and from 
other boards using the test controller. These elements are on 
a scan path by themselves so that they can be scanned to per- 
form the aforementioned tests without scanning the rest of the 
board. Next, 1149.1-compatible octals are placed between the 
bus controller and decode circuitry and between the decode 
circuitry and memory-I/O space arrays, each on its own scan 



path. Since tests of each of the functions relies on two of the 
scan-path device rings, the SPL is chosen. Thus, to test the 
memory array the control selects the address/control buffers 
and data buffers to be opened and links through the SPL; the 
boundary elements and address/control to test the bus inter- 
face controller; and so on. The address/control and decode oc- 
tals could have been placed on the same scan path, but this 
would only serve to complicate the tests. 
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Remote Bus Controller Implementation 

When Remote Bus Controller (RBC) is added and the rings 
slightly altered to best accommodate it, the SPS with an RBC 
input does not allow linking of the rings. Referring to Figure 
10, in order to reduce the amount of switching between the 
rings, the address/control and data octals are placed on the 
same scan path . 



This allows the RBC (and the PBC) to test the memory array 
most efficiently, since it would most likely be the longest test 
to be performed on the board. The boundary and decode cir- 
cuitry are also placed on the same secondary scan path so that 
they can be tested quicker. Detection of a fault in the functions 
is possible, but isolation to the failing function still requires 
switching between secondary scan paths. 



I/O SPACE 
ARRAY 



SS 

C/> Q 



BACKPLANE 
BUS INTERFACE 
CONTROLLER 



HI 



CONTROL 



o P 



ADDRESS 



MEMORY 
ARRAY; 



— n 

OTMS 



REMOTE 
BUS 
CONTROLLER 


OTMS 


SCAN 
PATH 
SELECTOR 


DTDI 


MCO 


DCI 



Figure 10. Memory Board Partition Example Using Scan-Path Selector 



A-112 



NOTES 



77 Worldwide Sales and Representative Offices 



AUSTRALIA / NEW ZEALAND: Texas Instruments Australia Ltd.: 
Melbourne [61)3-9696-1211, Fax 3-9696-1249; Sydney 2-910-3100, Fax 
2-878-2489. 

BELGIUM: Texas Instruments Belgium S.A./N.V.: Brussels [32] (02) 74 55 
400, Fax (02)74 55 410. 

BRAZIL: Texas Instrumentos Electronlcos do Brasil Ltda.: Sao Paulo 

[55] 11-5506-5133. Fax: 55 11 5506-0544 

CANADA: Texas Instruments Canada Ltd.: Montreal (514)421-2750; 
Ottawa (61 3) 726-3201 ; Fax 726-6363; Toronto (905) 884-91 81 ; Fax 884- 
0062. 

FRANCE/MIDDLE EAST/AFRICA: Texas Instruments France: Velizy- 

Villacoublay [33] (0) 1 30 70 10 01, Fax (0) 1 30 70 10 54. 

GERMANY: Texas Instruments Deutschland GmbH.: Freising [49] (08161) 

800, Fax (08161)80 4516; Hannover (0511)9049 60, Fax (0511)6490 

331; Ostfildem (0711)34030, Fax (0711)340 3257. 

HONGKONG: Texas Instruments Hong Kong Ltd.: Kowloon [852)2956- 

7288, Fax 2956-2200. 

HUNGARY: Texas Instruments Representation: Budapest [36] (1)319 
2748,(1)319 2767,(1) 3192768, Fax (1)319 2814. 
IRELAND: Texas Instruments Ireland Ltd.: Dublin [353] (01)475 52 33, 
Fax (01) 478 14 63. 

ITALY: Texas Instruments Italia S.p.A.: Agrate Brlanza [39] (039) 684 21, 
Fax (039) 684 29 1 2; Rome (06) 657 26 51 . 

JAPAN: Texas Instruments Japan Ltd.: Kanazawa [81] 0762-23-5471, Fax 
0762-23-1583; Kita Kanto 0485-22-2440, Fax 0485-23-5787; Kyoto 075- 
341-7713, Fax 075-341-7724; Kyushu 0977-73-1557, Fax 0977-73-1583; 
Matsumoto 0263-33-1060, Fax 0263-35-1025; Nagoya 052-232-5601, Fax 
052-232-7888; Osaka 06-356-4500, Fax 06-356-5405; Tachikawa 0425-27- 
6760, Fax 0425-27-6426; Tokyo 03-3769-8700, Fax 03-3457-6777; 
Yokohama 045-338-1220, Fax 045-338-1255. 
KOREA: Texas Instruments Korea Ltd.: Seoul [82)2-551-2804, Fax 2- 
551-2828. 

MAINLAND CHINA: Texas Instruments China Inc.: Beijing [86] 1 0-6500- 
2255, Ext. 3750/51/52 Fax 10-6500-2705. Shanghai [86)21-6350 9566 Fax 
21-6350-9583 

MALAYSIA: Texas Instruments Malaysia Sdn Bhd: Kuala Lumpur [60] 3- 
208-6001, Fax 3-230-6605. 

MEXICO: Texas Instruments de Mexico S.A. de C.V.: Colonla del Valle 
[52] 5-639-9740. 

PHILIPPINES: Texas Instruments Asia Ltd.: Metro Manila [63)2-636-0980, 
Fax 2-631-7702. 

SINGAPORE (& INDIA, INDONESIA, THAILAND): Texas Instruments 
Singapore (PTE) Ltd.: Singapore [65] 390-7128, Fax 390-7062. 
SPAIN/PORTUGAL: Texas Instruments Espafla S.A.: Madrid [34] (1)372 
80 51, Fax (1)372 80 87. 

SUOMI/FINLAND: Texas Instruments/OY: Espoo [358] (0) 43 54 20 33, 
Fax (0) 46 73 23. 

SWEDEN: Texas Instruments International Trade Corporation 
(Sverigefilialen): Kista [46] (08) 752 58 00, Fax (08) 751 97 15. 
SWITZERLAND: Texas Instruments Switzerland AG: Dietikon [41] 886-2- 
3771450. 

TAIWAN: Texas Instruments Taiwan Limited: Taipei [886)2-377-1450, 
Fax 2-377-2718. 

THE NETHERLANDS: Texas Instruments Holland, B.V. Amsterdam [31] 
(020) 546 98 00, Fax (020) 646 31 36. 

UNITED KINGDOM: Texas Instruments Ltd.: Northampton [44] (0)1604 
66 31 00, Fax (0)1604 66 31 06. 



UNITED STATES: Texas Instruments Incorporated: ALABAMA: Huntsville 
(205) 430-01 14; ARIZONA: Phoenix (602)224-7800; CALIFORNIA: Irvine 
(714)660-1200; Los Angeles (818)704-8100; San Diego (619) 278-9600; 
San Jose (408) 894-9000; COLORADO: Denver (303) 488-9300; 
CONNECTICUT: Wallingford (203) 269-0074; FLORIDA: Fort Lauderdale 
(214)644-5580 Orlando (407)667-5308; Tampa (813)573-0331; GEORGIA: 
Atlanta (770) 662-7967; ILLINOIS: Chicago (847 ) 517-4500; INDIANA: 
Indianapolis (317)573-6400; KANSAS: Kansas City (913)4514511; 
MARYLAND: Baltimore (410) 312-7900; MASSACHUSETTS: Boston (617) 
895-9100; MICHIGAN: Detroit (810) 305-5700; MINNESOTA: Minneapolis 
(612) 828-9300; NEW JERSEY: Edison (908) 906-0033; NEW MEXICO: 
Albuquerque (505) 345-2555; NEW YORK: Long Island (516)454-6600; 
Poughkeepsle (914) 897-2900; Rochester (716) 385-6770; NORTH 
CAROLINA: Charlotte (704)522-5487; Raleigh (919)876-2725; OHIO: 
Cleveland (216)328-2149; Dayton (513) 427-6200; OREGON: Portland 
(503)643-6758; PENNSYLVANIA: Philadelphia (610)825-9500; PUERTO 
RICO: HatoRey (809)753-8700; TEXAS: Austin (512)250-6769; Dallas 
(214)917-1264; Houston (713) 778-6592; Midland (915)561-6521; 
WISCONSIN: Milwaukee (414)792-0180. 

North American Authorized Distributors 
COMMERCIAL 

Almac / Arrow 
Anthem Electronics 
Arrow / Schweber 
Future Electronics (Canada) 
Hamilton Hallmark 
Marshall Industries 
Wyle 

OBSOLETE PRODUCTS 

Rochester Electronics 
MILITARY 

Alliance Electronics Inc. 
Future Electronics (Canada) 
Hamilton Hallmark 
Zeus, An Arrow Company 
Tl DIE PROCESSORS 
Chip Supply 
Elmo Semiconductor 
Minco Technology Labs 
CATALOG 
Allied Electronics 
Arrow Advantage 
Newark Electronics 



800426-141 0 / 800452-9185 Oregon only 

800-826-8436 

800-777-2776 

800-388-8731 

800-332-8638 

800-522-0084 or www.marshall.com 
800-414-4144 

508-462-9332 

800-608-9494 
800-388-8731 
800-332-8638 
800-524-4735 

(407)298-7100 
(818)768-7400 
(512) 834-2022 

800433-5700 
800-777-2776 
800-367-3573 



For Distributors outside North America, contact your local Sales Office. 



Important Notice: Texas Instruments (Tl) reserves the right to make changes to or to discontinue any 
product or service identified in this publication without notice. Tl advises its customers to obtain the latest 
version of the relevant information to verify, before placing orders, that the Information being relied upon is 
current 

Please be advised that Tl warrants its semiconductor products and related software to the specifications 
applicable at the time of sale in accordance with Ti's standard warranty. Tl assumes no liability for 
applications assistance, software performance, or third-party product information, or for infringement of 
patents or services described in this publication. Tl assumes no responsibility for customers' applications or 
product designs. 



A092096 



© 1996 Texas Instruments Incorporated 
Printed in the USA 



Texas 
Instruments 



i 



